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ABSTRACT
The a ppe a r a nc e  of  e x t r a c e l l u l a r  c o a t s  around "eggs"  a r e  
a s s o c i a t e d  w i t h  a c t i v a t i o n  o f  t he  o o c y t e s .  Th i s  c o a t ,  t ermed 
f e r t i l i z a t i o n  e nve l ope  ( s e a  u r c h i n s ) ,  c h o r i o n  ( f i s h ) ,  zona p e l l u c i d a  
(mammals),  c a p s u l e  ( c r a b )  o r  h a t c h i n g  enve l ope  (HE) ( shr imp)  s e r v e s  as  
a po l yspermy b l ock  (Wasserman,  1982) or  mi c r oenv i r onmen t  p r o t e c t i n g  
t h e  egg from b a c t e r i a  o r  o t h e r  h o s t i l e  e l e me n t s  (Kudo and Inoue,  1989; 
Kudo and Tesh.ima, 1991; Kudo, 1992; Epel ,  1993) .  HE assembly  is 
d e s c r i b e d  f o r  pe na eo i d  shr i mp (Lynn,  e t  a ! . ,  1991) and i s ,  in c o n t r a s t  
t o  many s y s t e ms ,  a f e r t i l i z a t i o n  i ndepe nde n t  e v e n t .  However,  t he  
mechanisms of  a s sembly  a p p e a r  s i m i l a r  to e x t r a c e l l u l a r  c o a t  f o rma t i on  
in o t h e r  animal  sys t ems  which u t i l i z e  enzymes such a o v ope r ox i da s e  and 
t r a n s g l u t a m i n a s e  in t h i s  f o r ma t i on .
Thr ee  enzymes a r e  p o s t u l a t e d  f o r  shr imp HE assembly as 
i m p l i c a t e d  by the  p r e s e n c e  o f  r e q u i s i t e  amino a c i d s  o r  p o l y s a c c h a r i d e s  
in t he  HE c o mp o s i t i on  ( P i i l a i  and C l a r k ,  1990) .  Ovoper ox idase ,  
p r e domi na t e  in s e a  u r c h i n  e nve l ope s  (Kay and S h a p i r o ,  1985) c a t a l y z e s  
c r o s s - l i n k i n g  of  t y r o s i n e  p r o t e i n s .  Tr ea t ment  of  shr imp eggs wi t h  
known p e r o x i d a s e  i n h i b i t o r s ,  a m i n o t r i a z o l e  and sodium s u l f i t e ,  show 
mo r p h o l o g i c a l  changes  as i n d i c a t e d  in  t he  p e r m e a b i l i t y  and t h i c k n e s s  
of  t he  e n v e l o p e .  I n v e s t i g a t i o n s  u s i n g  d i a m i n o b e n z i d i n e  o r  gua i aco!  
r e a c t i o n s  show no p o s i t i v e  a c t i v i t y  in HE assembly .
The abundance  o f  s a c c h a r i d e s  in i s o l a t e d  shr imp IlEs ( P i i l a i  and 
C l a r k ,  1990) and i m p l i c a t i o n s  of  c h i t i n  in copepod e nve l ope s  
( S a n t e l l a ,  1993) i n d i c a t e  a r o l e  f o r  a c a r b o h y d r a t e  s y n t h a s e .
[ nves t i . ga t . i ons  u s i n g  c h i t i n a s e  and [ 1 - K- a c e t y I g l ue os a mi n i da s e  t o  d i g e s t  
HEs on spawned shr imp eggs  and on i s o l a t e d  e nve l ope s  s u g g e s t  a 
p o l y s a c c h a r i d e  mo i e t y .  Among t he  c h i t i n  s y n t h a s e  i n h i b i t o r s  t e s t e d  
( t u n i c a my c i n ,  p o l yox i n  i), n ikkomycin  Z) ,  n i kkomycin Z i n h i b i t e d  normal  
HE f o r m a t i o n .
T r a n s g l u t a m i n a s e s ,  p r edomi na t e  i n  f i s h  ( Op p e n - B e r n t s e n , e t  a l . ,  
1990) and s e a  u r c h i n  ( B a t t a g l i a  and Sh a p i ro ,  1988) egg e n v e l o p e s ,  
c a t a l y z e  c r o s s - l i n k i n g  o f  g l u t a mi n e  and l y s i n e  r e s i d u e s .
I n v e s t i g a t i o n s  w i t h  t r a n s a m i d a s e  i n h i b i t o r s  ( p u t r e s c i n e ,  c a d a v e r i n e ,  
g l y c i n e  e t h y l  e s t e r )  i n d i c a t e  t h a t  wh i l e  mo r pho l og i c a l  s t r u c t u r e s  do 
not  a ppe a r  to change,  t he  e nve l ope  r i g i d i t y  i s  i mpa i r e d .
These  i n v e s t i g a t i o n s  a r e  c o n s i s t e n t  wi t h  a mu l t i - enzyme  sys tem 
r e s p o n s i b l e  f o r  the HE i n t e g r i t y ,  however ,  d i f f e r e n c e s  a ppe a r  t o  e x i s t  
in t he  enzyme s p e c i f i c i t y  compared to  o t h e r  model s ys t e ms .  
Un d e r s t a n d i n g  the enzyme a c t i o n  may lead to g r e a t e r  s u c c e s s  wi t h  
a q u a c u l t u r e  programs d i r e c t e d  toward i n c r e a s e d  f e r t i l i z a t i o n  and early- 




For mat ion  of  e x t r a - c e l l u l a r  egg c o a t s  have been t he  s u b j e c t  of  
numerous rev i ews  ( Sc hme l l ,  et  a l . ,  1983; Sc h u e l ,  1978,  1985; Kay and 
S h a p i r o ,  1985) and r e p o r t s  on s e a  u r c h i n s  (Endo,  1961; Veron e t  a l ., 
1977; Chand l e r  and K a z i l e k ,  1986; f o r  r ev i ew,  Kay & S h a p i r o ,  1985) ,  
f i s h  ( C o t e l l i .  e t  a l . ,  1988;  Kudo, 1982;  Che r r  and C l a r k ,  1982, ;  
B r u s l e ,  1985) ,  a mphi b i ans  (Wolf ,  1974; Grey,  e t  a l . ,  1974; Ger ton  and 
He dr i c k ,  1986) ,  mammals (Wasserinan,  1.987a, 1987b) and c r u s t a c e a n s ,  
i n c l u d i n g  decapods  (Goudeau and Becke r ,  1982;  Goudeau and L a c h a i s e ,  
1980,  1983; T a l b o t  and Goudeau,  1988;  P i i l a i  and C l a r k , 1987,  1988b,  
1990; Lynn, et  a l . ,  1991; Goudeau,  el  a l . ,  1991) and copepods  ( B i a de s -  
E c k e l b a r g e r  and Marcus ,  1992) .  The m o r p h o l o g i c a l  a s p e c t s  o f  e x t r a ­
c e l l u l a r  egg c o a t  as sembly  and e l e v a t i o n  i s  as d i v e r s e  as  the phy l a  in 
which the a n i ma l s  a r e  found.  The f o r ma t i on  o f  t h e s e  c o a t s  may i nvo l ve  
a d d i t i o n  of  m a t e r i a l  from the  female  r e p r o d u c t i v e  t r a c t  as  in the 
amphi b i ans  and mammals,  o r  may be mai n ly  r e s u l t s  o f  c o r t i c a l  
e x o c y t o s i s  from the o o c y t e ,  as  in Lhe c a s e  of  the  echinoderms  and 
t e l e o s t s .
Echinoderm F e r t i l i z a t i o n  Envelope
Perhaps  one of  the  b e s t  u n d e r s t o o d  s ys t ems  o f  e x t r a c e l l u l a r  c o a t  
f o r m a t i o n ,  and the enzymes i n v o l v e d ,  i s  i n  t he  s e a  u r c h i n .  Urchin  eggs  
a r e  p r o t e c t e d  by a j e l l y  l a y e r  which i s  formed o u t s i d e  a v i t e l l i n e  
e nve l ope  p r i o r  to spawning.  Wi t h i n  seconds  a f t e r  f e r t i l i z a t i o n ,  a 
r a p i d  c o r t i c a l  e x o c y t o s i s  o f  g r a n u l e s  from the  oolemma c o n t a i n i n g  
enzymes and macromol ecu l es  t r a n s f o r ms  the v i t e l l i n e  e nve l ope  i n t o  Lhe
1
f e r t i l i z a t i o n  e n v e l o p e ,  a t r a n s p a r e n t  e x t r a c e l l u l a r  c oa t  s e p a r a t e d  
from the egg s u r f a c e  t h a t  s u r r o u n d s  the egg ( f o r  r ev i ew,  S c h u e l ,  1978, 
1985; Kay & S h a p i r o ,  1985;  J a f f e  and Gould,  1985;  J ackson  and Crabb,  
1988; Nomura and Suzuk i ,  1 9 9 1 , ) .  Thus,  i n  the  s e a  u r c h i n ,  the  
f e r t i l i z a t i o n  enve l ope  i s  f u l l y  e l e v a t e d  w i t h i n  90 sec  and i s  
i n i t i a t e d  by i n t e r a c t i o n  w i t h  a f e r t i l i z i n g  sperm ( Sc hue l ,  1978,
1985) .  The r e s u l t a n t  s t r u c t u r e  a c t s  as  a s e c o n d a r y ,  or  "s low block"  to 
polyspermy ( Sc hue l ,  1985,  f o r  r e v i e w ) .  Th i s  f e r t i l i z a t i o n  enve l ope  i s  
c o n s i d e r e d  " t anned"  or  ha rdened  under  normal  c o n d i t i o n s  by about  10 
mins (Kay and S h a p i r o ,  1985, ;  J a f f e  and Gould,  1985, f o r  r e v i e w ) .  
S e r i n e  p r o t e a s e s  a r e  b e l i e v e d  to be r e s p o n s i b l e  for  r e l e a s i n g  Lhe 
v i t e l l i n e  e nve l ope  from the egg s u r f a c e  by c l i p p i n g  sperm r e c e p t o r  
p r o t e i n s  and p r o t e i n s  h o l d i n g  Lhe v i t e l l i n e  e nve l ope  to the  oolemma 
s u r f a c e .  Such p r o t e a s e  have been d e s c r i b e d  in s e a  u r c h i n s  ( Sc hue l ,  et  
a l . ,  1973; Green and Summers,  1980:  Green,  1986) and amphi b i ans  
(Lindsay and He dr i c k ,  1989) .  Ovope r ox i da s e ,  a peroxi .dat . i c  enzyme,  
t o g e t h e r  wi t h  Lhe l i n k e r  p r o t e i n ,  p r o t e o l i a i s i n ,  i s  i nvo l ve d  in Lhe 
t r a n s f o r m a t i o n  of  v i t e l l i n e  e nve l ope  to f e r t i l i z a t i o n  enve l ope  by Lhe 
c r o s s - l i n k i n g  of  t y r o s i n e s  which adds  a r i g i d i t y  o r  h a r d n e s s  to the 
enve l ope  (Somers ,  et  a l . ,  1989; Kay and S h a p i r o ,  1985; Weidman, et  
a l . ,  1987; Tu r n e r ,  et  a l . ,  1985) .  A b u r s t  of  o x i d a s e  a c t i v i t y  i s  a l s o  
b e l i e v e d  to be i mp o r t a n t  i n  the  e l i m i n a t i o n  o f  s upe rnumera ry  sperm 
i mmedi a t e l y  a f t e r  f e r t i l i z a t i o n  but  b e f o r e  Lhe f e r t i l i z a t i o n  enve l ope  
has e l e v a t e d  (Heinecke  and S h a p i r o ,  1989; Nomuri and Suzuki ,  1991) .  A 
slow block Lo polyspermy is c o n s t r u c t e d  by t hes e  median isms w i t h i n  90 
sec o f  f e r t i l i z a t i o n .
T eleos t  F e r t i l i z a t i o n  Envelope or Chorion
In t he  f i s h ,  Lhe t r a n s i t i o n  of  the v i t e l l i n e  enve l ope  o r  c h o r i o n  
to the  f e r t i l i z a t i o n  e nv e l o p e  o r  c h o r i o n  and accompanying changes  i n  
the  m i c r o p y l e  r e g i o n  can  be f o l l owed  t h r ough  the changes  i n  t he  
morphology of  t he  l a y e r s  of  t he  v i t e l l i n e  e nve l ope  (Kudo, et  a l . ,
1988; Gul uyas ,  1980; f o r  r e v i e w) .  For f i s h  e ggs ,  t he  v i t e l l i n e  
e nve l ope  unde r goes  t h e s e  t r a n s f o r m a t i o n s  a f t e r  f e r t i l i z a t i o n  and t he  
r e s u l t i n g  " chor i on"  i s  b e l i e v e d  to  s e r v e  as  a mi c r oenv i ronment  (Kudo, 
e t  a l . ,  1988;  Kudo, 1992) .  In a d d i t i o n  to forming a m e c h a n i c a l l y  
p r o t e c t i v e  b a r r i e r ,  b a c t e r i c i d a l  and a n t i f u n g a l  p r o p e r t i e s  have a l s o  
been a t t r i b u t e d  to the  f i s h  c h o r i o n  (Kudo and Inoue,  1986; Kudo and 
Teshima,  1991) .
In f i s h  e ggs ,  a p e r o x i d a s e  i s  i n v o l v e d  in the f o r ma t i on  o f  the  
c h o r i o n  (Kudo, et  a] . ,  1988) ,  an e x t r a c e l l u l a r  c oa t  t h a t  c o n s i s t s  of  
a t  l e a s t  f i v e  l a y e r s  and i s  formed from a v i t e l l i n e  e nve l ope  (Co t e l l  i ,  
e t  a l . ,  1988: Guraya,  1986) .  The f o r ma t i on  of  the  c ho r i o n  i s  
f e r t i l i z a t i o n  de p e n d e n t ,  w i t h  t he  t r a n s f o r m a t i o n  of  the  m i c r o p y l e  a r e a  
hav i ng  t he  g r e a t e s t  p o s t - f e r t i L i z a t i o n  p e r o x i d a s e  a c t i v i t y  w i t h i n  40 
min pos t  f e r t i l i z a t i o n  (Kudo,  e t  a l . ,  1988) .
Amphibian F e r t i l i z a t i o n  Envelope
Amphibian egg f e r t i l i z a t i o n  e nve l ope s  a r e  formed on t he  e x t e r n a l  
o r  o u t e r  s u r f a c e  o f  t he  v i t e l l i n e  e nve l ope  by the p r e c i p i t a t i o n  o f  a 
c o r t i c a l  g r a n u l e  l e c t i n  in a r e a c t i o n  w i t h  the i nner  most  j e l l y  c oa t  
l a y e r  (Greve and H e d r i c k ,  1978) .  Thi s  forms an e l e c t r o n  dense  l aye r  
a l ong  the o u t e r  s u r f a c e  of  the  v i t e l l i n e  e nve l ope  (Grey,  et  a l . ,
1974) .  Grey,  et  a l . ,  (1974)  d e s c r i b e  Lhe f o r ma t i on  and s t r u c t u r e  in
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d e t a i l  w i t h  r e f e r e n c e  to t he  v e s i c l e  t ype s ,  c o r t i c a l  g r a n u l e s  and 
t h e i r  c o mp o s i t i on  in Xenopus la e v l s .
Mammalian Zona P e L l u c i d a e  
Mammals, i n t e r n a l  f e r t i l i z e r s ,  a l s o  have an ana l ogy  of  t he  
e x t r a c e l l u l a r  c o a t ,  t he  zona p e l l u c i d a .  The zona p e l l u c i d a  c o n t a i n s  a t  
l e a s t  t h r e e  i d e n t i f i a b l e  g l y c o p r o t e i n  a s se mb l a g e s ,  ZP1, ZP2, and ZP3 
t h a t  c r o s s - r e a c t  a f t e r  o v u l a t i o n  and f e r t i l i z a t i o n .  The r o l e  of  ZP1 
i s  s t i l l  not  we l l  d e s c r i b e d  in r e l a t i o n  to t he  o t h e r  p r o t e i n s  arid the 
o o c y t e .  In c o n t r a s t ,  ZP3 i s  b e l i e v e d  to a c t  as  a sperm r e c e p t o r  
i n i t i a l l y ,  wh i l e  ZP2 i s  b e l i e v e d  to a c t  as  a s e conda r y  sperm r e c e p t o r  
a f t e r  a ZP3 i nduced acrosome r e a c t i o n  (Wasserman,  1987a,  1987b) .  A f t e r  
f e r t i l i z a t i o n ,  ZP3 i s  t r a n s f o r m e d  d u r i n g  the  zona r e a c t i o n  to r ende r  
the  zona i m p e n e t r a b l e  by supe rnumera r y  sperm.  Thi s  event  has  been 
c a l l e d  a na l ogous  to the  c r o s s - l i n k i n g  o f  t he  t y r o s i n e s  in the s ea  
u r c h i n  f e r t i l i z a t i o n  e nve l ope  (Wasserman,  1987a,  1987b) .
C r u s t a c e a n  F e r t i l i z a t i o n  Envelopes  
Th i s  i n t e r e s t  in embryonic  e nve l ope s  has e x t ended  to t he  
decapod c r u s t a c e a n s  as  w e l l .  Among the c r u s t a c e a n s ,  i n v e s t i g a t i o n s  of  
the e x t r a - c e l l u l a r  or  embryonic  c o a t s  has covered  the copepods 
( H i r o s e ,  e t  a l . ,  1992; B l a d e s - E c k e l b a r g e r  and Marcus,  1992) ,  c r a b s  
(Goudeau and L a c h a i s e ,  1980a,  1980b;  Goudeau and Becker ,  1982) ,  
l o b s t e r s  ( Ta l b o t  and Goudeau,  1988) ,  palaemon shr imp (Goudeau,  e t  a l . ,  
1991; F i s h e r  and C l a r k ,  1983) and peneao i d  shr imp ( P i i l a i  and C l a r k ,  
1987,  1988b,  1990; P i i l a i ,  1988; Lynn, e t  a l . ,  1991) .  S i m i l a r i t i e s  
among t he  s p e c i e s  a r e  c o ns p i c uous  in the  c o r t i c a l  v e s i c l e  e x o c y t o s i s  
t h a t  p r ec e de  the f o r ma t i on  of  t he  e nve l ope s  and the s t e p s  in Lhe
f o r ma t i on  of  a two or  t h r e e  l a y e r e d  c o a t .  C r u s t a c e a n  eggs ,  i n c l u d i n g  
the c r a b ,  l o b s t e r ,  palaemon shr i mp,  and copepods  a r e  r e p o r t e d  to 
undergo m u l t i p l e  c o r l i c a l  g r a n u l e  e x o c y t o s e s  a s s o c i a t e d  wi t h  the 
f o r ma t i on  o f  t he  e x t r a c e l l u l a r  c o a t  (Goudeau and La c h a i s e ,  1980; 1983; 
Goudeau and Becker ,  1982; Ta l bo t  and Goudeau,  1988; Goudeau e t  a l . ,  
1991; B1 a d e s - E c k e l b a r g e r  and Marcus,  1992) .  These m u l t i p l e  e x o c y t o s e s  
r esemble  the e x o c y t o s e s  seen in  the peneao i d  sh r i mp.  In a d d i t i o n ,  the 
"foamy" v e s i c l e s  o f  the  copepods  ( B l a d e s - E c k e l b a r g e r  and Marcus,  1992) 
and palaemon shr imp (Goudeau,  e t  a l . ,  1991) a r e  s u g g e s t i v e  of  the 
o p e n - r i n g  v e s i c l e s  i n  the  shr imp ( see  Cha p t e r  I I ) .  These v e s i c l e s  
e x o c y t o s e  ove r  a p r o l onge d  p e r i o d  of  t ime and may a c t u a l l y  I nvo l ve  
more t han  one type o f  c o r t i c a l .  Unl i ke  the c o r t i c a l  g r a n u l e s  i n  the  
s e a  u r c h i n  which r i n g  the c o r t e x  of  the  egg immedi a t e l y  b e f o r e  
f e r t i l i z a t i o n  o r  a c t i v a t i o n ,  t he  c o r t i c a l  g r a n u l e s  of  t he  shr imp do 
not  appe a r  i n  the c o r t e x  u n t i l  l ong a f t e r  egg a c t i v a t i o n  ( P i i l a i ,  el  
a t . ,  1988) and c o r t i c a l  v e s i c l e  m i g r a t i o n  c o n t i n u e s  as  e nve l ope s  a r e  
produced ( Gl as ,  p e r s o n a l  o b s e r v a t i o n ;  s ee  CHAPTER I I ) .
The c r a b s ,  a b r ood i ng  decapod,  have a two s t e p  r e a c t i o n  t h a t  
b u i l d s  a c a p s u l e  from a c loudy g r a n u l a r  type m a t e r i a l  t h a t  i s  
d e p o s i t e d  between Lhe i nner mos t  v i t e l l i n e  e nve l ope  and the  plasma 
membrane (Goudeau and La c h a i s e ,  1980b) .  The e nve l ope  has been 
d e s c r i b e d  as  a t h r e e  l a y e r e d  c a p s u l e  (Goudeau and La c ha i s e ,  1980a) 
c o n s i s t i n g  of  l ay e r s  l a  and lb and l a y e r  2. In the e l e c t r o n  
mi c r o g r a p h s ,  t h i s  i s  v i s i b l e  as  a Lhin dense  o u t e r  l aye r  and a 
t h i c k e r ,  more e l e c t r o n  t r a n s l u c e n t  i nner  s t r u c t u r e  (Goudeau and 
La c h a i s e ,  1980a,  19801)). The i nner  l aye r  ( enve l ope  2) is formed by the
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e x o c y t o s i s  o f  r i n g  v e s i c l e s  i n t o  the p e r i v i t e l l i n e  s pa ce .  Thi s  
m a t e r i a l  i s  added to a t h i n  s t r u c t u r e  t h a t  was f i r s t  s een  as  a heavy 
d e p o s i t  between t he  v i t e l l i n e  enve l ope  and the oolemma. Goudeau and 
Becker  (1982)  d e s c r i b e  the f i r s t  c o r t i c a l  e ve n t  as  o c c u r r i n g  w i t h i n  
mi nu t e s  o f  f e r t i l i z a t i o n  and t he  o c c u r r e n c e  o f  t he  second c o r t i c a l  
e x o c y t o s i s  by 30 min p o s t - f e r t i l i z a t i o n  and c o n t i n u i n g  u n t i l  s even  o r  
e i g h t  hour s  l a t e r .
In copepods ,  t he  e x t r a - c e l l u l a r  c o a t  f o r ma t i on  i n v o l v e s  the  
assembly of  an o u t e r  e nve l ope  and a f i b r o u s  i n n e r  l a y e r  ( B l a d e s -  
E c k l e b a r g e r  and Marcus,  1992; H i r o s e ,  e t  a l ., 1992) .  H i r o s e ,  e t  a l , ,  
(1992) d e s c r i b e s  the o u t e r  enve l ope  as  an e l e c t r o n  dense  l a y e r  w i t h  a 
t h i c k ,  f l o c c u l e n t  i n n e r  l a y e r .  The i n n e r  l a y e r  has a c r y s t a l l i n e  type 
a r r a y  t h a t  shows a s  a c r i s s - c r o s s  p a t t e r n  in e l e c t r o n  m i c r o g r a p h s .
The f e r t i l i z a t i o n  enve l ope  c o n s i s t s  of  a t  l e a s t  f i v e  l a y e r s  in 
the l o b s t e r .  T a l b o t  and Goudeau (1988)  a t t r i b u t e  the  b a s i s  of  t h i s  
f o r ma t i on  to c o r t i c a l  r e a c t i o n s  i n v o l v i n g  f our  v e s i c l e  t ypes  i n  the  
egg c o r t e x .  Of t hes e  f i v e  l a y e r s ,  Layer  1A and IB and l a y e r  2 
c o n s t i t u t e  the  f e r t i l i z a t i o n  e n v e l o p e .  A f t e r  f e r t i l i z a t i o n ,  l a y e r s  1A 
and IB condense  and two v e s i c l e  types  in the  c o r t e x  a r e  r e l e a s e d  to 
form e nve l ope  2.  Envelope  2 bonds to t he  u n d e r n e a t h  s i d e  of  t he  o t h e r  
two l a y e r s .  These l a y e r s  c o l l e c t i v e l y  form the  f e r t i l i z a t i o n  enve l ope  
o f  the  l o b s t e r ,  Homarus sp.
F i s h e r  and Cl a rk  (1983) d e s c r i b e  t he  a t t a c h me n t  of  the  eggs of  
Palaemon macrodacty lus  to the  female  p l eopods  and t he  p r es e n c e  of  a 
f e r t i l i z a t i o n  e nve l ope  as  an i n n e r  i nves t me n t  c o a t .  Palaemon s e r r a t u s ,  
a f r e s h w a t e r  shr imp,  forms an e x t r a - e m b r y o n i c  c o a t  in a two s t e p
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c o r t i c a l  r e a c t i o n  (Goudeau,  e t  a l . ,  1991) i n  t he  f e r t i l i z e d  egg.  One 
s e t  o f  v e s i c l e s  c o n s i s t s  of  a "foamy" m a t e r i a l  which i n t e r a c t s  w i t h  
r i n g - s h a p e d  v e s i c u l a r  m a t e r i a l  l e a d i n g  t o  t he  d e p o s i t i o n  of  a t h i c k  
c a p s u l e  (Goudeau,  e t  a l . ,  1991) t h a t  s u r r o u n d s  t he  f e r t i l i z e d  egg to 
form a f e r t i l i z a t i o n  e nve l ope  by 30 to 35 min pos t spawn.  In 
u n f e r t i l i z e d  e ggs ,  on l y  one c o r t i c a l  g r a n u l e  e x o c y t o s i s  of  the  r i n g -  
shaped v e s i c l e s  was s e en .
In t he  p e n a e i d e a  s h r i mp ,  t h e r e  a r e  changes  i n  the  egg Liiat occur  
i mmedi a t e l y  upon c o n t a c t  w i t h  s ea  w a t e r .  A mucopo l y s a cc ha r i de  
s u b s t a n c e  i s  r e l e a s e d  from deep c o r t i c a l  c r y p t s  in t he  egg to  form a 
j e l l y  l a y e r  t h a t  s u r r o u n d s  the egg.  Th i s  has been d e s c r i b e d  f o r  
Penaeus a z te c u s  by Lynn (1976)  and Lvnn and Cl a r k  (1987) ,  and a ga i n  in 
c o n j u n c t i o n  w i t h  Penaeus s e t l f e r u s , Penaeus Japonlcus,  and S icyon ia  
I n g e n t i s  by C l a r k ,  e t  a l . ( 1990) and Lynn, e t  a l .  ( 1991) .  The c o r t i c a l  
c r y p t s  and j e l l y - l i k e  m a t e r i a l  have a l s o  been b r i e f l y  d e s c r i b e d  in 
Penaeus vannamei by Rankin and Davis  (1990) .
In S. i n g e n t i s ,  t he  eggs undergo d r a m a t i c  morpho l og i ca l  changes  
upon c o n t a c t  wi t h  s e a  w a t e r .  The v i t e l l i n e  enve l ope  t h a t  i n i t i a l l y  
s u r r o u n d s  the egg d i s s i p a t e s  r a p i d l y  and a t h i c k  j e l l y  l a y e r  i s  
e x t r u d e d  from deep c r y p t s  w i t h i n  t he  egg ( P i i l a i  and C l a r k ,  1987,
1988a;  C l a r k ,  el  a l . ,  1990; Lynn,  e t  a l . ,  1991) .  The j e i l v  p r e c u r s o r  
h y d r a t e s  in the  s e a  w a t e r  and then remains  as  a v i s c o u s  c oa t  that,  i s  
v i s i b l e  in u n d i s t u r b e d  eggs  (Lynn,  e t  a l . ,  1991) .  A g i t a t i o n  of  the 
sample d i s p e r s e s  most  o f  t he  j e l l y  a l t h o u g h  a t h i n  l aye r  may be found 
around some eggs when examined wi t h  t r a n s m i s s i o n  e l e c t r o n  mic roscopy 
(Lynn,  1976; P i i l a i  and C l a r k ,  1988b) .  The egg b e g i n s  to change stiape
and round up a g a i n  a f t e r  the  j e l l y  is r e l e a s e d .  P i i l a i  (1988)  r e p o r t s  
a second l a y e r  around t h e  egg t h a t  i s  under  t he  j e l l y  c r y p t s ,  a 
s u r f a c e  c o a t ,  which a c t s ,  p u r p o r t e d l y ,  as  a t e mp l a t e  for  the  next  
e x t e r n a l  s t r u c t u r e ,  the h a t c h i n g  e n v e l o p e ,  t o  form.
The h a t c h i n g  e n v e l o p e ,  o f t e n  c o n s i d e r e d  an a na l ogue  to  the s ea  
u r c h i n  f e r t i l i z a t i o n  e n v e l o p e ,  a ppe a r s  abou t  45 mins a f t e r  t he  egg i s  
a c t i v a t e d  by expos u r e  to s e a  wa t e r  (Hudinaga ,  1942; C l a r k ,  e t  a l . ,  
1980) .  By the  t ime the h a t c h i n g  enve l ope  i s  e l e v a t e d ,  the  sperm has 
a l r e a d y  i n t e r a c t e d  w i t h  t he  egg and t hus ,  t he  h a t c h i n g  e nve l ope  i s  not  
b e l i e v e d  to be a b l ock  to  polyspermy ( P i i l a i  and C l a r k ,  1987) .  The 
h a t c h i n g  e nve l ope  e l e v a t e s  i ndependent  of  sperm i n t e r a c t i o n  under  
normal  c o n d i t i o n s .  In t he  peneao i d  shr imp,  a t  l e a s t  two c o r t i c a l  
g r a n u l e  e x o c y t o s e s  p r oceed  the e l e v a t i o n  o f  the  h a t c h i n g  enve l ope  
( P i i l a i  and C l a r k ,  1988b) i n i t i a t i n g  Lhe deve lopment  of  the  h a t c h i n g  
e nve l ope  morphology.  These  e x o c y t o s e s  a r e  r e p o r t e d  to add m a t e r i a l  to 
t he  s u r f a c e  c o a t  p r e c u r s o r  t o  form the two d i s t i n c t  l a y e r s  of  t he  
h a t c h i n g  e n v e l o p e ,  w i t h  Lhe second wave of  e x o c y t o s e s  be ing  l e s s  
o r g a n i z e d  and o c c u r r i n g  o v e r  a l onge r  t ime p e r i o d .  The f i r s t  
e x o c y t o s i s  of  the  dense  v e s i c l e s  r e l e a s e s  a m a t e r i a l  t h a t  c o a l e s c e s  
wi t h  the s u r f a c e  c o a t  to form an e l e c t r o n  dense  l a y e r  o u t s i d e  the 
s u r f a c e  of  the egg.  The e n v e l o p e  e l e v a t e s ,  l i f t i n g  o f f  t h e  egg s u r f a c e  
to form a p e r i v i t e l l i n e  s pa ce  ( P i i l a i  and C l a r k ,  1988a,  1988b) .  The 
second e x o c y t o s i s ,  the r i n g  v e s i c l e s ,  r e l e a s e s  m a t e r i a l s  t h a t  a r e  
added as an i n n e r  more e l e c t r o n  t r a n s l u c e n t  l a y e r  r e s u l t i n g  in an HP 
wi t h  an e l e c t r o n  dense  o u t e r  l a y e r  and a l e s s  dens e ,  f l o e e u l e n L -  
a p p e a r i n g  i nne r  l a y e r .  Wi t h i n  a n o t h e r  15 min a f t e r  a p p e a r a n c e ,  the
enve l ope  f o r ma t i on  i s  c o n s i d e r e d  compl e t e  ( P i i l a i  and C l a r k ,  1988, 
1990; Lynn,  e t  a l . ,  1991) and Lhe e nve l ope  i s  hardened  o r  " t a n n e d " .  
These eggs add a second e x t r a - e m b r y o n i c  e nve l ope  a t  90-110 mins 
pos t spawn in  both  s p e c i e s  ( Lin ,  1992) .  Th i s  l a y e r  i s  b e l i e v e d  to 
e v e n t u a l l y  become i n c o r p o r a t e d  i n t o  the h a t c h i n g  e nve l ope  on the  
i n s i d e  o f  t he  f l o c c u l e n t  l a y e r  and p e r s i s t s  as  p a r t  of  t he  e nve l ope  
u n t i l  h a t c h i n g  ( L i n ,  1992) .  A d d i t i o n a l  e n v e l o p e s  a r e  formed 
i ndepe nde n t  o f  Lhe p r e s e n c e  o f  the h a t c h i n g  enve l ope  ( L i n ,  1992) .
The e l e v a t i o n  of  an e x t r a c e l l u l a r  c o a t  as  a p r e v e n t i o n  of  
polyspermy (Wasserman,  1987b; S c h u e l ,  1978;  Grey,  e t  a l . ,  1976; 
T a l b o t ,  1985; Schmei l ,  et  a l . ,  1983; J a f f e  and Gould,  1985) a n d / o r  as 
a mi c r oe nv i r onme n t ,  t hen ,  has become paradigm (Kudo, 1989,  1992,  1986 
Wasserman,  1987b) .  In l he  p e n a e o i d e a n s , t he  r o l e  o f  the  h a t c h i n g  
enve l ope  i s  b e l i e v e d  to be p r o v i s i o n  o f  a mi c r oenv i r onme n t  s i n c e  the 
e l e v a t i o n  of  t he  h a t c h i n g  e nve l ope  i s  i ndepe nde n t  of  f e r t i l i z a t i o n .
Thi s  work r e p o r t s  on i n v e s t i g a t i o n s  i n t o  the enzymes p o s t u l a t e d  
as  p a r t i c i p a n t s  i n  the h a t c h i n g  e nve l ope  assembly and e l e v a t i o n  of  
penaeo i d  shr imp.  Cha p t e r  I d e t a i l s  a s sembly  in  two o t h e r  s p e c i e s  of  
penaeo i d  s hr i mp.  Use of  t he  t h r e e  s p e c i e s  of  shr imp a l l ows  a compl e t e  
d e s c r i p t i o n  o f  the  h a t c h i n g  enve l ope  a s sembly  and e l e v a t i o n  as  an
e ven t  t h a t  may be common to a l l  penaeo i d  s hr i mp.  De mons t r a t i on  o f  the
mo r p h o l og i c a l  s i m i l a r i t i e s  and d i f f e r e n c e s  a l l ows  for  informed 
e v a l u a t i o n  of  the i n v e s t i g a t i o n s .  Cha p t e r  II  p r e s e n t s  e v i d e n c e  o f  a 
p e r o x i d a s e  type enzyme in t he  assembly  o f  the  e nve l ope .  Cha p t e r  i l l  
d e mo n s t r a t e s  t h a t  a chi  L i n - l i k e  s t r u c t u r e  may be c o n t a i n e d  w i t h i n  the
h a t c h i n g  enve l ope  and t h u s ,  the  i m p l i c a t i o n  of  a c a r b o h y d r a t e
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s y n t h a s e .  Cha p t e r  IV has p r e l i m i n a r y  d a t a  s u g g e s t i n g  a 
t r a n s g l u t a m i n a s e  may be i nvo l ve d  in  the  c o mpos i t i on  o f  t he  e nve l ope .
Thi s  s t u d y  p r o v i d e s  e v i d e n c e  t h a t  t he  e l e v a t i o n  o f  t he  h a t c h i n g  
e nve l ope  o f  penaeo i d  shr imp i n v o l v e s  mul t i - enzyme  sys tems  as  seen  in 
o t h e r  model  s y s t e ms .  U n d e r s t a n d i n g  t h i s  i n f o r m a t i o n  p r e s e n t s  a u s e f u l  
t o o l  t o  a q u a c u l t u r a l  f a c i l i t i e s  f o r  development  o f  t e c h n i q u e s  to a i d  
In v i t r o  f e r t i l i z a t i o n  o r  to i n c r e a s e  embryonic  development  of  
c u l t u r e d  a n i m a l s .  The knowledge,  in a more g e n e r a l  s e n s e ,  may a i d  
u n d e r s t a n d i n g  of  the mechanisms i nvo l ved  in gamete r e c o g n i t i o n ,  egg 
a c t i v a t i o n  and egg and sperm s e l e c t i v i t y .
CHAPTER II
A COMPARATIVE SURVEY OF HATCHING ENVELOPE ELEVATION AND ASSEMBLY IN THREE
PENAEOID SHRIMP
Introduction
Thi s  s t u d y  i s  a c omp a r a t i v e  look a t  the  morphology o f  egg 
h a t c h i n g  e nve l ope s  i n  t h r e e  s p e c i e s  o l  peneao i d  s h r i mp .  The early- 
c o r t i c a l  e v e n t s  l e a d i n g  t o  h a t c h i n g  e nve l ope  e l e v a t i o n  in  S icyon ia  
i n g e n t i s  w i l l  be f u r t h e r  examined wi t h  a d d i t i o n a l  comments on the 
e v e n t s  f i r s t  d e s c r i b e d  by P i i l a i  (1988) .  O b s e r v a t i o n s  on Trachypenaeus  
s i m i l i s  h a t c h i n g  e n v e l o p e s ,  i n i t i a l l y  d e s c r i b e d  by Lynn e t  a l ,  (1991) 
w i l l  be ex t ended  wi t h  t he  d e s c r i p t i o n  o f  the  c o r t i c a l  e v e n t s  and e a r l y  
h a t c h i n g  e nve l ope  assembly  and the f u r t h e r  deve lopment  of  t h a t  c o a t .  
F i n a l l y ,  Rankin and Davi s  (1990)  o b s e r v a t i o n s  on the  j e l l y  p r e c u r s o r  
in Penaeus vannamei w i l l  be f u r t h e r  e x t e nde d  w i t h  a d e s c r i p t i o n  of  t he  
h a t c h i n g  e nve l ope  e l e v a t i o n  in P. vannamei.  Un d e r s t a n d i n g  the 
s i m i l a r i t i e s  and d i f f e r e n c e s  in the  a s sembly  and e l e v a t i o n  e v e n t s  
among t l i ese t h r e e  s p e c i e s  w i l l  p r o v i d e  a b a s i s  f o r  i n t e r p r e t a t i o n  of  
f u r t h e r  i n v e s t i g a t i o n s  i n  t h e s e  s p e c i e s  and e n l a r g e  t he  base  for  
decapod and c r u s t a c e a n  d i s c u s s i o n s .
Materials  and Methods 
Animal C o l l e c t i o n  and Handling
The r o c k - s h r i mp ,  S ic yon ia  i n g e n t i s ,  was o b t a i n e d  by o t t e r  t rawl  
o f f  the  s o u t h e r n  c o a s t  o f  C a l i f o r n i a ,  e s p e c i a l l y  o f f  Sa n t a  Ba r ba r a  or  
t he  sewerage  o u t f a l l s  of  Los Ange l e s .  Mature ,  mated f emales  were 
t r a n s p o r t e d  i n  c o o l e d ,  a e r a t e d  t anks  to Bodega Mar ine Lab where 
an i ma l s  were ma i n t a i n e d  w i t h  c o n s t a n t  l i g h t  in f l o w - t h r o u g h  aquar iums 
a c c o r d i n g  Lo the methods by C l a r k ,  e t  a 1. ( 1980) .  Spawning was induced
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by p l a c i n g  the an i ma l s  i n  d a r k n e s s .  Spawning f emales  were he l d  over  50 
x 70 mm c r y s t a l l i z i n g  d i s h e s  f i l l e d  wi t h  a r t i f i c i a l  s e a  wa t e r  
(Cavanaugh,  .1956) a t  room t e m p e r a t u r e  (20°C) and 30%o s a l i n i t y  to 
c o l l e c t  t he  eggs .
The roughneck s hr i mp,  Trachypenaeus s i mJJ i s ,  was o b t a i n e d  from 
o t t e r  t r a w l s  i n  random l o c a t i o n s  by the L o u i s i a n a  Depar tment  of  
W i l d l i f e  and F i s h e r i e s ,  C o a s t a l  Ecology S e c t i o n  d u r i n g  monthly  or  
q u a r t e r l y  s ampl ing  r e g i me s .  Animals  were t r a n s p o r t e d  in a e r a t e d  
c o n t a i n e r s  and he l d  in 10 g a l l o n  a q u a r i a  w i t h  " I n s t a n t  Ocean" 
a r t i f i c i a l  s e a  wa t e r  a d j u s t e d  to 28-30 %o and 20° C. Animals were 
p l a c e d  i n  d a r k n e s s  and obs e r ve d  f o r  spawning b e h a v i o r .  Spawning 
f emales  were p l a c e d  ove r  50 x 70 mm c r y s t a l l i z i n g  d i s h e s  f i l l e d  wi t h  
a r t i f i c i a l  s ea  wa t e r  a t  room t e m p e r a t u r e  (20°C) and 30%q s a l i n i t y  to 
c o l l e c t  the  eggs .
Spawned eggs from Penaeus vannamel were o b t a i n e d  from Wade 11 
M a r i c u l t u r e  Ce n t e r .  Mated f emales  e x h i b i t i n g  spawning b e ha v i o r  were 
p l a c e d  ove r  70 x 50 mm c r y s t a l l i z i n g  d i s h e s  f i l l e d  wi t h  a r t i f i c i a l  s ea  
wa t e r  at. room t e m p e r a t u r e  (25°C) .  Eggs were removed every  30 s ec  for  
the  f i r s t  3 min,  then e v e r y  3 min u n t i l  60 min pos t spawn.
Light  Microscopy
Samples of  eggs from the spawning d i s h  were p l a c e d  on c l e a n  
g l a s s  s l i d e s  and cove red  w i t h  g l a s s  c o v e r s  l i p s  s up p o r t e d  by smal l  
v a s e l i n e  s p o t s  to p r ev e n t  d e s i c c a t i o n  of  t he  p r e p a r a t i o n s  and 
mechan ica l  d i s r u p t i o n  o f  the eggs .  Eggs were obs e r ved  on a Nikon 
Op t i pho t  phase mic r oscope  over  the  t ime c o u r s e  of  each e xpe r i me n t .
Fresh a l i q u o t s  from the e x p e r i me n t a l  mi x t u r e  were p r ep a r e d  a t  v a r i o u s
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t imes  as a c o n t r o l  f o r  t imi ng  e r r o r s  t h a t  may have been induced by 
c o n d i t i o n s  on the s l i d e .  Specimens  were phot ographed  w i t h  35 mm 
cameras  u s i n g  Kodak T-Max 100 or  T-Max 400 f i l m.
Transmiss ion  E le c t r o n  Microscopy
Samples f o r  e l e c t r o n  mic r oscopy  were removed a t  s p e c i f i e d  t imes  
from spawning,  h a t c h i n g  e nve l ope  e l e v a t i o n  (40-50 min pos t  spawn) and 
90 min pos t spawn,  and f i x e d  i n  a f i n a l  c o n c e n t r a t i o n  of  1.2% 
pa r a f o r ma l de hyde  and 0.8% g l u t a r a l d e h v d e  in 0.278 M sodium c a c o d y l a t e  
b u f f e r  i n  33% s e a  w a t e r ,  pH 8 . 3 ,  f o r  1 hour  a t  room t e m p e r a t u r e .
Samples were washed t h r e e  t imes  i n  0 .4 M c a c o d y l a t e  b u f f e r ,  and p o s t -  
f i xed  in 1% f i n a l  c o n c e n t r a t i o n  o f  osmium t e t r o x i d e  in 0 . 2  M 
c a c o d y l a t e  b u f f e r  f o r  45 min a t  room t e m p e r a t u r e .  They were then 
d e h y d r a t e d  t hrough a g r ade d  a c e t o n e  s e r i e s ,  and embedded in  a mod i f i ed  
S p u r r ’ s r e s i n  ( Sp u r r ,  1969) s u b s t i t u t i n g  Quetol  651 f o r  the DER r e s i n .  
Thin  s e c t i o n s  were c u t  w i t h  g l a s s  o r  diamond k n i v e s ,  f l o a t e d  on copper  
g r i d s ,  doub l e  s t a i n e d  w i t h  l e a d  c i t r a t e  (Venable  and Co g g e s h a l l ,  1965) 
and me t ha n o l i c  u r anv l  a c e t a t e  and viewed on a JEOL CMX-100 
t r a n s m i s s i o n  e l e c t r o n  mi c r o s c ope .
Results
S icyon ia  i n g e n t i s
P i l l a i  and Cl a rk  (1987,  1988a,  1988b,  1990) and P i l l a i  (1988) 
d e s c r i b e d  the spawning and e a r l y  a c t i v a t i o n  e v e n t s  i n  S icyon ia  
i n g e n t i s .  The evenLs they obs e r ve d  a r e  r e d e s c r i b e d  h e r e  in c o n j u n c t i o n  
wi t h  exLended o b s e r v a t i o n s  f o r  c onve n i e nc e  in compar i son of  the  t h r e e  
s p e c i e s .
H
When obs e r ve d  by l i g h t  mic roscopy  a t  l e s s  than 1 minute  
pos t spawn,  the eggs  o f  S. I n g e n t i s  a p p e a r  to have a da rk  c e n t r a l  mass 
w i t h  a l i g h t e r  c o r t i c a l  r e g i o n .  Ou t s i d e  the c o r t i c a l  r eg i on  "c lub"  
shaped e x t r u s i o n s  exude from t he  egg to form a j e l l y  l a y e r  ( F i g u r e  I l ­
i a ) .  The c r y p t s  t h a t  c o n t a i n e d  t he  j e l l y  a r e  s t i l l  v i s i b l e  w i t h i n  the 
egg c o r t i c a l  r e g i o n .  The j e l l y  l a y e r  i s  s t i l l  v i s i b l e  a t  10 min 
pos t spawn a l t h o u g h  the rod s hapes  have d i s p e r s e d  to form a t h i c k ,  
t r a n s l u c e n t  l a y e r  around the egg ( F i g u r e  1 1 - l b ) .  By 20 min pos t spawn 
the j e l l y  l a y e r  i s  l e s s  a p p a r e n t  ( F i g u r e  11 - I t ; )  and the f i r s t  p o l a r  
body i s  v i s i b l e .  At 30 min postspawri ,  the j e l l y  l a y e r  p e r s i s t s  on l y  as 
a t r a n s l u c e n t  l a y e r  a round the egg ( F i g u r e  11 - 1 d ) and i s  b a r e l y  
d e t e c t a b l e  wi t h  l i g h t  mi c r o s c opy .  Between 30 and 50 min pos t spawn,  t he  
h a t c h i n g  e nve l ope  i s  e l e v a t e d  (x =46.7 ± 6 . 3  min SEM, n= 25 
e x p e r i m e n t s ) .  Of t en ,  t he  e l e v a t i n g  e nve l ope  is  f i r s t  v i s i b l e  a t  the 
s i t e  of  the  second p o l a r  body f o r m a t i o n .  The e nve l ope  would become to 
be v i s i b l e  on one s i d e  i n i t i a l l y ,  then s u b s e q u e n t l y  a round the e n t i r e
egg.
By 45 min,  the  h a t c h i n g  enve l ope  s u r r o u n d s  the egg ( F i g u r e  f i ­
l e ) .  The j e l l y  l a y e r  may p e r s i s t ,  bu t  i t  has  become more d i f f i c u l t  to 
d i s c e r n  w i t h  l i g h t  mi c r osc opy .  At 60 min the h a t c h i n g  enve l ope  i s  
e l e v a t e d  and a p p e a r s  as a b i r e f r i n g e n t  r i n g  around the z y g o t e .  The 
second p o l a r  body r emains  v i s i b l e  a t  t h i s  t ime ( F i g u r e  11 - 1 f ) . Bv 75 
min pos t s pa wn i ng ,  p a r t i c u l a t e  m a t e r i a l  was o f t e n  seen  w i t h i n  the 
p e r i v i t e l  1 ine space  between the h a t c h i n g  enve l ope  and the oolemma. The 
egg i s  o f t e n  obs e r ve d  to be e c c e n t r i c  w i t h i n  t he  h a t c h i n g  enve l ope  
( F i g u r e  1 1 - l g ) .  By 90 to 100 min,  the f i r s t  c l e a v a g e  was seen
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Figure I I -1 .  Phase micrographs of  a time s e r i e s  of  S. ingentis  eggs,  
la)  At 30 sec postspawn, the extrus ion  of  the j e l l y  layer (JL) i s  
v i s i b l e ,  lb) At 10 min postspawn the j e l l y  layer i s  s t i l l  v i s i b l e  
around the egg.  lc )  At 20 min postspawn the j e l l y  layer p e r s i s t s .  The 
cortex i s  h ighly  b i r e f r i n g e n t . Id) By 30 min postspawn, the cortex i s  
remains b i r e f r i n g e n t . l e )  At 45 min postspawn, the hatching envelope  
(HE) i s  v i s i b l e  around the egg. The p e r i v i t e l l i n e  space (*) i s  w e l l -  
formed and the second polar body (PB) i s  v i s i b l e .  I f )  At 60 min 
postspawn, the egg i s  seen e c c e n t r i c a l l y  s i tu a ted  within  the HE. lg)
At 75 min, material  begins to accumulate v i s i b l y  in the p e r i v i t e l l i n e  
space,  lh) By 100 min, the two c e l l  s tage i s  v i s i b l e  as f i r s t  cleavage  
i s  completed.
Bar equals 100 pm.
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r e s u l t i n g  in two n e a r l y  equal  b i a s t o m e r e s  w i t h i n  the h a t c h i n g  
e n v e l o p e .  P a r t i c u l a t e  m a t e r i a l  was s t i l l  v i s i b l e  w i t h i n  the 
p e r i v i t e l l i n e  space  ( F i g u r e  I l - l h ) .
When obs e r ved  wi t h  t r a n s m i s s i o n  e l e c t r o n  mic r oscopy  a t  10 min 
pos t spawn,  most  of  the j e l l y  i n  S. i n g e n t i s  eggs  i s  i n  a d i s s i p a t e d  
form a l t h o u g h  o c c a s i o n a l  f e a t h e r  shaped e l e me n t s  a r e  p r e s e n t  ( F i gu r e  
I l - 2 a ) .  The c o r t i c a l  r e g i o n  i s  a we l l  d e f i n e d  a r e a  t h a t  remained 
devoid  of  l a r g e  o r g a n e l l e s  ( F i g u r e  11-2a ) .  V e s i c l e s  a r e  obse rved  
forming in the  i n t e r i o r  o f  t he  egg and yo l k  g r a n u l e s  occupy much of  
the c e n t r a l  r eg i on  of  t he  egg (no t  shown) .  Oc c a s i o n a l  dense  v e s i c l e s  
about  0 . 25  pm in s i z e  a r e  v i s i b l e  i n t e r i o r  o f  the egg c o r t e x  ( F i gu r e  
i I  -2 a ) .  V e s i c l e s  f i l l e d  w i t h  r i n g - s h a p e d  e l e me n t s  a r e  in t he  i n t e r i o r  
r eg i on  o f  the egg.  The v e s i c l e s  appe a r  to l i n e  the I n s i d e  edge of  the 
c o r t i c a l  r e g i o n ,  l e a v i n g  the band of  c y t o p l a s m s u b j a c e n t  to the  egg 
membrane devoid  of  o r g a n e l l e s  ( F i g u r e  11 - 2 a ) .  On the e x t e r i o r  of  the 
egg membrane a r e  l a r g e  t r a n s l u c e n t  v e s i c l e s  ( 0 . 5  pm o r  l a r g e r )  nea r  
the  oolemma ( F i g u r e  I I - 2 a )  as  wel l  as  a s e r i e s  of  ve ry  smal l  v e s i c l e s  
(<0.05 pm) .
At 20 min pos t spawn,  the  r i n g - f i l l e d  v e s i c l e s  a ppe a r  to c o a l e s c e  
w i t h i n  the c y t op l a sm ( F i g u r e  11-2 b ).  The dense  v e s i c l e s  a ppe a r  to be 
more numerous,  but  t h e r e  s t i l l  i s  a band o f  c y t op l a s m devoid  of  
o r g a n e l l e s  ( F i g u r e  I I - 2 b ) .  The v e s i c l e s  on the e x t e r i o r  of  the  oolemma 
a r e  s t i l l  v i s i b l e .  By 30 min pos t spawn,  t he  c o r t e x  i s  f i l l e d  w i t h  
l a r g e r  ( 0 . 5  pm) v e s i c l e s ,  each wi t h  2 or  3 r i n g  shapes  i n s i d e  the 
v e s i c l e .  There  a l s o  a p p e a r s  to be a f a i n t  s t a i n i n g  m a t e r i a l  in t hes e  
open r i n g  v e s i c l e s  ( F i g u r e  1T- 2 c ) . The dense  v e s i c l e s  remain s c a L i e r e d
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F i g u r e  11-2.  T r a n s m i s s i o n  e l e c t r o n  mi c r ogr a ph  s e r i e s  of  S. i n g e n t i s  
eggs i n  a r t i f i c i a l  s e a  w a t e r .  2a) At 10 min pos t spawn the  j e l l y  l a y e r  
(JL) i s  v i s i b l e  w i t h  a g r a n u l a r  m a t r i x  and f e a t h e r y  component s .  Dense 
v e s i c l e s  ( a r rowhead)  and open r i n g  v e s i c l e s  ( t h i n  ar row)  a r e  v i s i b l e  
in  the  c o r t i c a l  r eg i o n .  Large v e s i c l e s  a r e  l o c a t e d  o u t s i d e  of  the 
oolemma. 2b) At 20 min pos t spawn,  t he  j e l l y  l a y e r  c o n t a i n s  smal l  
v e s i c l e s  o u t s i d e  the oolemma, wh i l e  dense  v e s i c l e s  ( ar rowhead)  and 
open r i n g  v e s i c l e s  ( t h i n  ar row)  c o n t i n u e  to c o n g r e g a t e  i n  the  c o r t i c a l  
r e g i o n .  2c) At 30 min pos t spawn,  the dense  v e s i c l e s  and open r i n g  
v e s i c l e s  f i l l  t he  c o r t i c a l  r e g i o n .  2d) By -10 min pos t spawn,  the  open 
r i n g  v e s i c l e s  a ppe a r  t o  be e x o c y t o s i n g .  V e s i c u l a r  m a t e r i a l  i s  v i s i b l e  
o u t s i d e  the oolemma and t he  egg s u r f a c e  has become i r r e g u l a r l y  shaped .  
2e) At 50 min pos t spawn,  the  h a t c h i n g  enve l ope  (HE) has a l r e a d y  formed 
the o u t e r  l a y e r .  Ope n - r i ng  v e s i c l e s  ( t h i n  ar row)  c o n t i n u e  to occupy 
most  of  the  c o r t i c a l  r e g i o n .  Th i c k - pa c ked  r i n g  v e s i c l e s  ( t h i c k  ar row)  
a r e  a l s o  be i ng  s e en .  The p e r i v i t e l l i n e  space  (*) i s  f i l l e d  wi t h  an 
e l e c t r o n  opaque m a t e r i a l .  2f )  By 75 min,  a b i l a y e r e d  HE i s  v i s i b l e .
The HE i s  o f t e n  w i d e l y  s e p a r a t e d  from the oolemma (and i s  shown in 
s e p a r a t e  f r ame) .  The o p e n - r i n g  v e s i c l e s  a ppe a r  e l e c t r o n  t r a n s l u c e n t  
( t h i n  ar row)  and dense  v e s i c l e s  ( ar rowhead)  a r e  s t i l l  v i s i b l e  a l t h o u g h  
riot as  a b u n d a n t .  Bar  e q u a l s  1 pm.
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w i t h i n  t he  c y t op l a s m in  bo t h  t h e  c o r t i c a l  r e g i o n  and the s u b c o r t i c a l  
r e g i o n .
At 40 min pos t s pawn ,  l a r g e  v e s i c l e s  c o n t a i n i n g  e l e c t r o n  
t r a n s l u c e n t  m a t e r i a l  a r e  p r e s e n t  o u t s i d e  t h e  egg membrane (Fig  11 - 2d) .  
In t he  c o r t e x ,  t he  open r i n g  v e s i c l e s  a r e  s c a t t e r e d  t h r oughou t  t he  
egg.  Dense v e s i c l e s  and v e s i c l e s  packed w i t h  r i n g s  a r e  a l s o  i n  the  
c o r t i c a l  r e g i o n  ( F i g u r e  11 - 2d) .  The packed r i n g  v e s i c l e s  measured 
abou t  0 . 25  pm a t  t h i s  t ime .  The egg plasmalemma and c o r t i c a l  r e g i o n  
began to show p r o t r u s i o n s  i n t o  t he  p e r i v i t e l l i n e  space  i n s t e a d  o f  the 
round a p p e a r a n c e  of  e a r l i e r  t ime p o i n t s  (F ig  TI-2d)  .
By 50 min pos t spawn,  l a r g e  0 . 5 - 0 . 7 5  pm, e l e c t r o n  t r a n s l u c e n t  
v e s i c l e s  o c c u p i e s  most  o f  the  c o r t i c a l  a r e a  g i v i n g  the  egg c o r t e x  
v e s i c u l a t e d  a p p e a r a n c e  ( F i g u r e  I I - 2 e ) .  Dense,  0 . 25  pm v e s i c l e s  and 
open r i n g  v e s i c l e s  a p p e a r  to be c o n g r e g a t i n g  in t he  c o r t i c a l  r eg i on  
a d j a c e n t  to t he  oolemma. The h a t c h i n g  e n v e l o p e  o u t e r  l a y e r  has  a l r e a d y  
formed and e l e v a t e d  from the egg ( Fig  I I - 2 e ) .  The p e r i v i t e l l i n e  space  
I s  f i l l e d  wi t h  a medium e l e c t r o n  dense  m a t e r i a l  which a s s o c i a t e s  wi t h  
t he  i n t e r i o r  o f  t he  o u t e r  h a t c h i n g  e nve l ope  l a y e r  ( F i g u r e  l l - 2 e ) .
By 75 min pos t spawn,  t he  h a t c h i n g  e nve l ope  has de ve l oped  two 
d i s t i n c t  l a y e r s ,  a t h i n  e l e c t r o n  dense  o u t e r  l a y e r  and a t h i c k  
e l e c t r o n  t r a n s l u c e n t  i n n e r  l a y e r  which t o g e t h e r  measure  about  0 . 20 -  
0 . 25  pm t h i c k  ( F i g u r e  I I - 2 f ) .  The egg s u r f a c e  c o n t i n u e s  to be 
i r r e g u l a r  in shape  as  p r o t r u s i o n s  a r e  c o n s i s t e n t l y  found on the egg 
s u r f a c e .  M a t e r i a l  c o n t i n u e s  to be added to the  h a t c h i n g  e nve l ope  u n t i l  
a second e x t r a - e m b r y o n i c  e nve l ope  be g i ns  to form a t  90-110 min 
pos t s pa wn .
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Trachypenaeus s  imi 1 i s
Ha t c h i ng  e nve l ope  e l e v a t i o n  i n  Trachypenaeus s i m i l i s  eggs was 
b r i e f l y  d e s c r i b e d  by Lynn,  e t  a l .,  (1991) and t h e s e  o b s e r v a t i o n s  w i l l  
be e x t e nde d  h e r e .  In T. s i m i l i s  eggs ,  a t h i c k  l a y e r  o f  j e l l y  i s  
e x t r u d e d  from the egg upon c o n t a c t  w i t h  s e a  w a t e r .  The j e l l y  component  
c o n f i g u r a t i o n  i s  l e s s  pronounced t han  in S. i n g e n t i s  and forms a dense 
ha l o  a round t he  egg ( F i g u r e  I I - 3 a ) .  The j e l l y  l a y e r  r a p i d l y  becomes 
more t r a n s p a r e n t  as  i t  d i s p e r s e s  around t he  egg ( F i g u r e  11 - 3 1)) but  
r emains  v i s i b l e  u n t i l  a f t e r  the h a t c h i n g  e nve l ope  e l e v a t e s  ( F i g u r e  I I -  
3c,  11 -3d ,  11 - 3 e ).  The h a t c h i n g  e nve l ope  i s  f i r s t  v i s i b l e  on one s i d e  
of  the egg (F i gure  11-3d)  and r a p i d l y  becomes v i s i b l e  a round the 
e n t i r e  egg ( F i g u r e  11- 3 e ) . At 45 min pos t spawn,  f i n e  s t r i a t i o n s  a r e  
v i s i b l e  i n  t he  p e r i v i t e l l i n e  s pace  r e a c h i n g  from the oolemma toward 
t he  h a t c h i n g  e nve l ope  ( F i g u r e  11 - 3 e ) . By 60 min pos t spawn,  the  egg is 
e c c e n t r i c a l l y  w i t h i n  the h a t c h i n g  e n v e l o p e ,  and p a r t i c u l a t e  m a t e r i a l  
i s  b e g i n n i n g  to f i l l  t he  p e r i v i t e l l i n e  s pa ce .  The second p o l a r  body i s  
s t i l l  v i s i b l e  ( F i g u r e  11 -3 f ) .  At 75 min pos t spawn,  t he  p e r i v i t e l l i n e  
space  i s  f i l l e d  w i t h  m a t e r i a l  from t he  egg ( F i g u r e  11- 3g ) .  F i r s t  
c l e a v a g e  i s  s een  by 90 min pos t spawn wi t h  the f o r ma t i on  of  two n e a r l y  
equa l  b l a s t o m e r e s  (F ig  11- 3 h ).
In T. s i m i l i s  e ggs ,  the  j e l l y  and c r y p t s  a r e  su r r ounded  by a 
t h i n  enve l ope  s t r u c t u r e ,  the  v i t e l l i n e  e n v e l o p e .  The e x t r u s i o n  o f  the 
j e l l y  l i f t s  the  v i t e l l i n e  enve l ope  from the oolemma and i t  i s  no 
l o n g e r  seen by 5 min pos t spawn ( F i g u r e  11-4 a ) .  At 5 min pos t spawn,  the 
egg has a r ound i s h  shape wi t h  a " s c a l l o p e d "  edge w i t h  the waves a t  a 
f r e que nc y  of  4 per  10 pm of  c i r c u m f e r e n c e  d i s t a n c e .  Numerous v e s i c l e s
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F i g u r e  I I - 3 .  Phase mi c r o g r a p h s  of  T. s i m i l i s  eggs i n  a r t i f i c i a l  sea  
w a t e r .  3a) the j e l l y  l a y e r  (JL)  forms a h a l o  around f r e s h l y  spawned 
e ggs .  3b) As t he  j e l l y  l a y e r  becomes more t r a n s p a r e n t ,  the edges  of  
the  oolemma a ppe a r  to " b u b b l e " .  3c) By 20 min pos t spawn,  t he  f i r s t  
p o l a r  body (PB) i s  v i s i b l e  and the  oolemma has  rounded up a g a i n .  3d) 
About 30 min pos t spawn,  t he  h a t c h i n g  e nve l ope  (HE) i s  v i s i b l e  on one 
s i d e  o f  the  egg where t he  PB i s  s e en .  A p e r i v i t e l l i n e  space  (*) be g i ns  
to form.  3e) At 40 min pos t s pawn ,  s t r i a t i o n s  a r e  v i s i b l e  i n  t he  
p e r i v i t e l l i n e  spa ce  ( a r r o w h e a d ) .  3f )  P a r t i c u l a t e  m a t t e r  i s  seen in t he  
p e r i v i t e l l i n e  space  (*) b e g i n n i n g  about  60 min pos t spawn and the edges 
of  the oolemma l o s e s  t h e  smooth a p p e a r a n c e .  The egg i s  o f t e n  
e c c e n t r i c a l l y  s i t u a t e d .  3g) The oolemma a p p e a r s  to "bubble"  as 
p a r t i c u l a t e  m a t e r i a l  c o n t i n u e s  to accumul a t e  in t he  p e r i v i t e l l i n e  
space  a t  75 min pos t spawn.  3h) The f i r s t  c l e a v a g e  o c c u r s  by 90 minute  
pos t spawn r e s u l t i n g  in  two b i a s t o m e r e s .
Bar e q u a l s  100 pm.
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F i gur e  11- 4 .  T r a n s m i s s i o n  e l e c t r o n  mi c r og r a phs  o f  T. s i m i l i s  eggs i n  
a r t i f i c i a l  s e a  w a t e r .  4a)  At 5 min pos t spawn,  the  egg oolemma has a 
s c a l l o p e d  s hape .  Dense v e s i c l e s  ( a r rowhead)  and open r i n g  v e s i c l e s  
( t h i n  ar row)  a r e  s een  i n s i d e  a zone va c a n t  o f  l a r g e r  o r g a n e l l e s .  4b)
By 10 min pos t spawn,  t h i s  zone devoid  of  o r g a n e l l e s  has t e m p o r a r i l y  
i n c r e a s e d  i n  w i d t h .  Dense and r i n g  v e s i c l e s  a r e  s u b c o r t i c a l .  4c) At 15 
min pos t spawn,  t he  oolemma has rounded up and t he  zone devoid  of  
o r g a n e l l e s  d e c r e a s e s  i n  w i d t h .  Ring v e s i c l e s  and dense  v e s i c l e s  a ppe a r  
among numerous m i t o c h o n d r i a  and Golg.i t ype o r g a n e l l e s .  4d ) At 20 min 
pos t spawn,  t he  r i n g  v e s i c l e s  ( t h i n  ar row)  a r e  s een  c l o s e  to the  
oolemma. Some dense  v e s i c l e s  ( a r rowhead)  a r e  c l o s e l y  apposed lo the  
egg membrane.  4e)  At 25 min pos t spawn,  t he  dense  v e s i c l e s  ( t h i c k  
ar row)  and r i n g  v e s i c l e s  ( t h i n  a r row)  a r e  s t i l l  mos t l y  toward the 
s u b c o r t i c a l  r e g i o n  wi t h  t h e  o c c a s i o n a l  v e s i c l e  i n  the  c o r t e x .  The 
oolemma has  a more d e f i n e d  a p p e a r a n c e .  4d) At 30 mi nu t e s  pos t spawn,  
t he  dense  v e s i c l e s  be g i n  to l i n e  t he  edge o f  the  oolemma ( a r r o wh e a d ) .  
Bar e q u a l s  1 pm.
l A -  «’¥ ^ f  .';
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and yo l k  g r a n u l e s  f i l l  t he  more c e n t r a l  c y t op l a s m ( F i g u r e  I I - 4 a ) .  Two 
t ypes  o f  v e s i c l e s  a r e  i d e n t i f i a b l e  in t he  cy t op l a s m:  a 0 . 2  pm e l e c t r o n  
dense  v e s i c l e  and 0 . 5  pm or  l a r g e r  v e s i c l e s  c o n t a i n i n g  2-3 dense  r i n g -  
shapes  i n s i d e  each  v e s i c l e .  These open r i n g  v e s i c l e s  a ppe a r  to be 
c o a l e s c i n g  w i t h i n  the c y t op l a s m ( F i g u r e  I I - 4 a ) . A va c a n t  zone ,  w i t h o u t  
major  o r g a n e l l e s ,  t y p i c a l l y  1 0 . - I . 5 pm t h i c k ,  s e p a r a t e s  the  v e s i c l e s  
from t he  oolemma.
At 10 min pos t spawn,  t h i s  va c a n t  zone has a wavy boundary a t  the 
e x t e r n a l  edge  of  the  oolemma wi t h  r e g u l a r  peaks  and v a l l e y s  w i t h  a 
p e r i o d i c i t y  o f  abou t  t en  c y c l e s  pe r  100 pm o f  c i r c u m f e r e n c e  d i s t a n c e  
t h a t  i s  not  a p p a r e n t  in the e l e c t r o n  mi c r o g r a p h s .  The wi d t h  of  t he  
zone o v e r a l l  i s  g r e a t e r  than the w i d t h  a t  e a r l i e r  t ime p o i n t s  and 
measur es  abou t  2 . 0  pm t h i c k .  The two v e s i c l e  t ypes  l i n e  t he  r eg i on  
i n s i d e  t he  d e p l e t e d  zone wi t h  the r i n g  f i l l e d  v e s i c l e s  be i ng  the  most  
numerous.  M i t o c h o n d r i a  a r e  abundant  in the  a r e a  medial  to t h i s  
o r g a n e l l e  d e p l e t e d  zone.  E s s e n t i a l l y ,  the  egg r es embl es  the  e a r l i e r  
t ime p o i n t ,  e x c e p t  f o r  t he  boundary shape and the wi d t h  of  the  zone 
devo i d  o f  v e s i c l e s  ( F i g u r e  11 - 4 b ).
By 15 min pos t spawn,  the  edge of  the  egg a p p e a r s  to round up 
once a g a i n  ( F i g u r e  11 -4 c ) . The zone devo i d  o f  v e s i c l e s  i s  na r r ower  
than the p r e v i o u s  t ime p o i n t  and now measures  abou t  1.0 pm in w i d t h .  
There  a p p e a r s  to be a d e l i n e a t i o n  forming between the zone devo i d  of  
o r g a n e l l e s  and the v e s i c l e s  and o r g a n e l l e s  more s u b c o r t i c a l l y  
o r i e n t e d .  Th i s  s e p a r a t i o n  a ppe a r s  to be due to abundance  of  l i n e a r l y  
a r r a n g e d  v e s i c l e s ,  e s p e c i a l l y  t hose  w i t h  the r i n g - s h a p e d  i n c l u s i o n s ,  
t h a t  a r e  f u s i n g  to form l a r g e r  v e s i c l e s .
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At 20 min pos t spawn t h e r e  a r e  3 v e s i c l e s  t ypes  p r e s e n t . The 
r i n g  r i l l e d  v e s i c l e s  a r e  m i g r a t i n g  t hrough the c o r t i c a l  r eg i on  and 
s m a l l e r  dense  v e s i c l e s  r i n g  the edge of  the d e p l e t e d  zone w i t h  an 
o c c a s i o n a l  m i g r a t i o n  to t he  oolemma ( F i g u r e  11-4d ) .  The t h i r d  t ype was 
a v e s i c l e  f i l l e d  wi t h  t i g h t l y  packed r i n g s  t h a t  a r e  0 . 3  pm or  l e s s .  \ o  
s u r f a c e  c o a t  i s  v i s i b l e  a t  t h i s  t ime.
At 30 min pos t spawn numerous s t a g e s  a r e  seen  w i t h i n  a s h o r t  t ime 
span .  A few dense  v e s i c l e s  now a ppe a r  in the p e r i p h e r y  o f  the egg wi t h  
r i n g  v e s i c l e s  ( F i g u r e  11 - 4 e ) i mmedi a t e l y  s u b c o r t i c a l  to the  dense  
v e s i c l e s .  The L i g h t l y  packed r i n g  v e s i c l e s  c o n t i n u e d  to accumul a t e  
( F i g u r e  11-4e and I I - 4 f ) .  The r i ng  v e s i c l e s  seen e a r l  i e r  a r e  no l onger  
v i s i b l e  and a v e s i c l e s  w i t h  an e l e c t r o n  t r a n s p a r e n t  m a t r i x  i s  now 
v i s i b l e  ( F i g u r e  I l - 4 e ) . Dense v e s i c l e s ,  the  e l e c t r o n  t r a n s l u c e n t  
v e s i c l e s  and the packed r i n g  v e s i c l e s  a r e  found c l o s e r  to the 
plasmalemma ( F i g u r e  11 -4 f ) i n  the egg c o r t e x .
By 45 min pos t spawn,  t he  h a t c h i n g  enve l ope  i s  a t h i n  e l e c t r o n  
dense  l a y e r  l e s s  than 0.1 pm t h i c k  ( F i g u r e  1 1- 5 a ) .  The s u r f a c e  o f  the 
oolemma becomes i r r e g u l a r  in shape w i t h  l a r g e  p r o t r u s i o n s  sha p i ng  the 
s u r f a c e  of  the  egg.  Large 0 . 5  pm v e s i c l e s  a r e  s een  in c l o s e  c o n t a c t  
wi t h  the egg s u r f a c e  ( F i g u r e  11 - 5 b ) .  Ex o c y t o s i s  from t r a n s l u c e n t  
v e s i c l e s  and r i n g - f i l l e d  v e s i c l e s  c o n t i n u e s  to oc c u r  as m a t e r i a l  to 
accumul a t e  i n to  the p e r i v i t e l l i n e  space  ( F i g u r e  11- 5b and 11 - 5 c ) . Much 
of  t h i s  m a t e r i a l  to becomes c l o s e l y  a s s o c i a t e d  w i t h  the . i n t e r i o r  l a y e r  
o f  the  h a t c h i n g  e n v e l o p e .  The dense v e s i c l e s  a r e  s t i l l  s een  but  a re  
not  as  numerous as in p r e v i o u s  Lime p o i n t s .  Folds  a r e  b e g i n n i n g  to 
form on the e x t e r n a l  s u r f a c e  of  the h a t c h i n g  e nve l ope  ( F i g u r e  l i -  5c ) .
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F i g u r e  T I - 5. T r a n s m i s s i o n  e l e c t r o n  mi c r ogr a phs  of  Trachypenaeus  
s i m i l i s  eggs i n  a r t i f i c i a l  s e a  w a t e r  45 to 75 min pos t spawn.  5a) At 45 
min pos t spawn,  a t h i n  dens e  h a t c h i n g  enve l ope  (HE) i s  v i s i b l e .  The HE 
i s  g r a n u l a r  in a ppe a r a nc e  w i t h  i r r e g u l a r  s ha pe .  The egg c o r t e x  is 
f i l l e d  w i t h  open r i n g  v e s i c l e s  ( t h i n  a r r o w ) ,  packed r i n g  v e s i c l e s  
( t h i c k  a r r o w ) ,  dense  v e s i c l e s  ( a r rowhead)  as  we l l  as m i t o c h o n d r i a .  5b) 
In a n o t h e r  egg a t  45 min pos t spawn,  l a r g e  (4 -5  pm) v e s i c l e s  
( ar rowhead)  c o n t a i n i n g  a f i n e ,  p u n c t a t e  m a t e r i a l  was s e e n .  P r o t r u s i o n s  
ex t ended  from the  oolemma toward the h a t c h i n g  enve l ope  (HE).  The 
p e r i v i t e l l i n e  s pace  (*) i n c r e a s e s  i n  w i d t h .  5c) In ve l  a n o t h e r  egg a t  
45 min pos t spawn,  t he  t i g h t l y  packed r i n g  v e s i c l e s  a r e  seen c l o s e  to 
Lhe egg membrane.  M a t e r i a l  in t he  p e r i v i t e l l i n e  space  (*) a s s o c i a t e d  
w i t h  the HE a p p e a r s  t o  have the same r i n g  c o n f i g u r a t i o n  as  the 
m a t e r i a ]  i n  the packed r i n g  v e s i c l e s .  The HE i s  g e t t i n g  t h i c k e r  and 
t he  f o l d s  a r e  more a p p a r e n t .  5d) By 75 min pos t spawn,  a b i l a y e r e d  HE 
forms w i t h  a t h i n ,  dense  o u t e r  l a y e r  wi t h  e x t e r n a l  r i d g e s  or  f o l d s  and 
a w i d e r ,  more e l e c t r o n  t r a n s l u c e n t  i n n e r  l a y e r .  Dense v e s i c l e s  
( a r r o wh e a d ) ,  open r i n g  v e s i c l e s  ( t h i n  a r r o w) ,  and packed r i n g  v e s i c l e s  
( t h i c k  ar row)  a r e  s t i l l  p r e s e n t .  Large v e s i c l e s  a ppe a r  to a s s o c i a t e  
w i t h  p r o t r u s i o n s  o f  egg membrane.
Bar e q u a l s  1 pm.
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These e x t e r n a l  f o l d s  or  r i d g e s  form a r e g u l a r  p a t t e r n  on the e x t e r n a l  
s u r f a c e  o f  the haLchirig e n v e l o p e .  Large 4-5 pm v e s i c l e s  a r e  s c a t t e r e d  
t h r oughou t  the c o r t e x  ( F i g u r e  11- 5b and 5 c ) .  These v e s i c l e s  c o n t a i n  a 
f i n e ,  p u n c t a t e  a p p e a r i n g  m a t e r i a l .  V e s i c u l a t i o n  w i t h i n  the c o r t e x  i s  
e x t e n s i v e  so t h a t  i t  i s  d i f f i c u l t  to d i s t i n g u i s h  open r i n g  v e s i c l e s  
from Golgi  e l e me n t s  ( F i g u r e  11 - 5 c ).
By 75 min pos t spawn,  t he  e nve l ope  i s  abou t  0 . 2 - 0 . 3  pm t h i c k  and 
lias a t h i n ,  dense  o u t e r  l a y e r  t h a t  a l s o  forms the e x t e r n a l  f o l d s  
( F i g u r e  TI - 5 d ) . The i n n e r  l a y e r  i s  l e s s  e l e c t r o n  dense  and a p p e a r s  as 
" r i n g "  shaped m a t e r i a l  to the i n n e r  l a y e r  a t  75 min pos t spawn.  The 
piasmalemma i s  i r r e g u l a r  i n  shape  w i t h  p r o j e c t i o n s  o f t e n  be ing  
a s s o c i a t e d  w i t h  l a r g e  v e s i c l e s  ( F i g u r e  l l - 5 d ) .  By 90 min pos t spawn,  
the " n a s c e n t "  h a t c h i n g  e n v e l o p e  measures  about  0 . 5  pm t h i c k .
Penaeus vannamei
Eggs from Penaeus vannamei a l s o  r e l e a s e  a j e l l y  p r e c u r s o r  wi t h  
d i s t i n c t  r o d - l i k e  shapes  ( F i g u r e  I l - 6 a ) .  Upon c o n t a c t  w i t h  s e a  w a t e r ,  
t he  rods  swe l l  and s u r r o u n d  the  egg in  a broad s un - s ha pe d  p a t t e r n  
( F i g u r e  I I - 6 b ) .  The j e l l y  l a y e r  c o n t i n u e s  to swe l l  u n t i l  the j e l l y  
l a y e r  i s  twi ce  the egg d i a m e t e r  ( F i g u r e  11 - 6c and I I - 6 d ) .  The j e l l y  
t hen  a ppe a r s  to become l e s s  v i s c o u s ,  and become l e s s  r e f r a c t i v e  
( F i g u r e  11 - 6 e ) . By 15 min pos t spawn,  the j e l l y  l a y e r  i s  b a r e l y  v i s i b l e  
and the h a t c h i n g  e nve l ope  a p p e a r s  s e p a r a t e d  from one edge of  the 
oolemma ( F i g u r e  11 - 6 f ) . At 22 min pos t spawn,  the  egg i s  s i t u a t e d  
e c c e n t r i c a l l y  w i t h i n  the h a t c h i n g  enve l ope  ( Fig  I I - 6 g ) .  By 22 min 
pos t spawn,  t he  h a t c h i n g  e nve l ope  has become a r e f r a c t i l e  r i n g  around 
the egg ( F i g u r e  11 - 6 h ).
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F i gu r e  11 - 6 .  Phase  s e r i e s  o f  Penaeus vannamei eggs in a r t i f i c i a l  s ea  
w a t e r .  6a) F r e s h l y  spawned eggs  r e l e a s e  a t h i c k  j e l l y  l a y e r  (JL) 
around the o oc y t e .  6b) On c o n t a c t  wi t h  s e a  w a t e r ,  t he  j e l l y  l a y e r  
b e g i n s  to s we l l  and expand.  6c) By abou t  3 min pos t spawn,  the  j e l l y  
p r e c u r s o r  forms a l a y e r  abou t  two t imes  the egg d i a m e t e r .  6d) By 5 
min,  the  j e l l y  l a y e r  becomes more t r a n s p a r e n t  and t he  c o r t e x  i s  
r e f r a c t i v e .  6e) The egg c o r t e x  c o n t i n u e s  to be r e f r a c t i v e .  6f )  At 15 
min pos t spawn,  t he  h a t c h i n g  enve l ope  (HE) can be s een  e l e v a t i n g  from 
one edge of  the  egg.  6g) At 22 min pos t spawn,  the  egg i s  e c c e n t r i c a l l y  
p o s i t i o n e d  w i t h i n  t he  HE. The second p o l a r  body (PB) i s  v i s i b l e .  6h)
By 27 min pos t spawn,  the  egg i s  s u r r ounde d  by a r e f r a c t i l e  HE. The 
f i r s t  p o l a r  body (PB) i s  v i s i b l e  on the e x t e r i o r  o f  the  HE.
Bar e q u a l s  100 pm.
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In Pennaeus vannamei , t he  j e l l y  p r e c u r s o r  has  d i s t i n c t  rod-  
shapes  and r e s e mbl e s  t h a t  of  P. a z te c u s  a t  spawning ( C l a r k ,  e t .  a l . ,  
1980; Rankin and Davi s ,  1991; Cl a rk  e t  a l . ,  1990) .
At 6 min pos t spawn,  a s e r i e s  o f  smal l  (< 0 .05  pm) v e s i c l e s  a r e  
p r e s e n t  on t he  o u t s i d e  o f  the oolemma, but  i n s i d e  the j e l l y  l a y e r .
Smal l  dense  0 .1  pm c o r t i c a l  v e s i c l e s  and l a r g e r ,  oblong 0 . 5  pm 
e l e c t r o n  t r a n s l u c e n t  c o r t i c a l  v e s i c l e s  a r e  i n  t he  c o r t e x .  La r ger  0 .75 
pm v e s i c l e s  a r e  o c c a s i o n a l l y  seen j u s t  i n s i d e  t he  plasmalemma.  Packed 
r i n g  v e s i c l e s  a ppe a r  ( F i g u r e  I I - 7 a  and 11- 7 b ) nea r  the c o r t e x  as  a 
f o u r t h  t ype of  v e s i c l e .
By 12 min pos t spawn,  t h e r e  a ppe a r s  a f i n e ,  g r a n u l a r  m a t r i x  on 
the e x t e r n a l  s i d e  o f  the  plasmalemma,  be ne a t h  the j e l l y  l a y e r  in the 
r e g i o n  a s s o c i a t e d  w i t h  the smal l  v e s i c l e s .  Dense v e s i c l e s ,  r i n g  packed 
v e s i c l e s ,  and e l e c t r o n  t r a n s l u c e n t  v e s i c l e s  f i l l  the c y t op l a s m of  the  
c o r t e x  ( F i g u r e  11 - 7b) .
By 15 min pos t spawn,  a t h i n  h a t c h i n g  e n v e l o p e ,  0 . 05  pm t h i c k ,  
a s s e mb l e s  on the e x t e r i o r  of  the  plasmalemma and l i f t s  from the egg 
s u r f a c e  ( F i g u r e  11 -  7 c ) . The r i n g  f i l l . e d - v e s i c l . e s ,  e l e c t r o n  t r a n s l u c e n t  
v e s i c l e s  and dense  v e s i c l e s  f i l l  t he  cy t op l a s m.  Numerous m i t o c h o n d r i a  
a r e  a l s o  p r e s e n t  ( F i g u r e  I l - 7 c ) .  The c e l l  s u r f a c e  i s  no l o n g e r  smooth,  
but  has  become i r r e g u l a r l y  shaped as  p r o j e c t i o n s  from t he  egg r each  
i n t o  t he  p e r i v i  t e l l i n e  space  ( F i g u r e  I I - 7 c  t h rough  11 - 7 f ) .
By 21 min pos t spawn,  a b i l a y e r e d  enve l ope  forms and measures  
about  0 . 25  pm t h i c k  w i t h  an e l e c t r o n  dense  o u t e r  l a y e r  and a 
f l o c c u l e n t  i nner  l a y e r .  Ring m a t e r i a l  c o n t i n u e s  to be e x p e l l e d  i n to  
the p e r i v i t e l l i n e  space  ( F i g u r e  11 - 7 d ) by g r a n u l e  e x o c y t o s i s .
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F i g u r e  11 - 7.  T r a n s m i s s i o n  e l e c t r o n  mi c r ogr a phs  o f  Penaeus vannamei 
eggs i n  a r t i f i c i a l  s e a  w a t e r .  7a) At 6 min pos t spawn,  eggs a l r e a d y  
have t he  c o r t e x  f i l l e d  w i t h  open r i n g  v e s i c l e s  ( t h i n  ar row)  and dense  
v e s i c l e s  ( a r r o wh e a d ) .  Large  ( 0 . 3  pm) v e s i c l e s  (broad  ar rowhead)  a r e  
s i t u a t e d  c l o s e  to the  oolemma.  A l a y e r  of  smal l  v e s i c l e s  a r e  e x t e r n a l  
to the  egg membrane.  7b) At 12 min pos t spawn,  t he  open r i n g  v e s i c l e s  
( t h i n  ar row)  g i v e s  the  c o r t e x  an "empty" a p p e a r a n c e .  Packed r i n g  
v e s i c l e s  a r e  abundant  ( t h i c k  ar row)  among the  m i t o c h o n d r i a .  Dense 
v e s i c l e s  ( ar rowhead)  a r e  t h r oughou t  the c o r t e x .  A t h i n  l a y e r  of  t he  
p r o s p e c t i v e  h a t c h i n g  e n v e l o p e  (HE) i s  d i r e c t l y  apposed to the  oolemma. 
The egg s u r f a c e  shape  i s  s t i l l  round.  7c) By 15 min pos t spawn,  the 
t h i n  HE has  e l e v a t e d  from the  egg s u r f a c e .  Cy t op l as mi c  p r o t r u s i o n s  a r e  
v i s i b l e  e x t e n d i n g  from the  egg s u r f a c e  i n t o  the p e r i v i t e l l i n e  space  
( * ) .  Open r i n g  v e s i c l e s  ( t h i n  arrow)  g i ve  a h i g h l y  v e s i c u l a t e  
a p p e a r a n c e  to the  c o r t e x .  Dense v e s i c l e s  ( a r rowhead)  and packed r i n g  
v e s i c l e s  ( t h i c k  a r row)  c o n t i n u e  to occupy the c o r t e x .  7d) By 21 min 
pos t spawn,  the  pack r i n g  v e s i c l e s  a r e  not  s e en ,  but  dense  v e s i c l e s  and 
open r i n g  v e s i c l e s  c o n t i n u e  to f i l l  the c o r t e x .  The HE has a e l e c t r o n  
d e n s e r  o u t e r  l a y e r  and a more e l e c t r o n  t r a n s l u c e n t  i n n e r  l a y e r .  
E l e c t r o n  t r a n s l u c e n t  m a t e r i a l  i s  seen in the  p e r i v i t e l l i n e  spa ce .  
Cy t op l as mi c  p r o t r u s i o n s  can be seen  g i v i n g  the oolemma an i r r e g u l a r  
shape .  7e) At 27 min pos t s pawn ,  the HE has i n c r e a s e d  in t h i c k n e s s .  
F l o c c u l e n t  e l e c t r o n  t r a n s l u c e n t  m a t e r i a l  i s  in t he  p e r i v i t e l l i n e  space  
and a s s o c i a t e d  wi t h  the i n t e r n a l  l a y e r  o f  the  HE. Open r i n g  ( t h i n  
ar row)  and dense  ( a r rowhead)  v e s i c l e s  a r e  s t i l l  p r e s e n t .  The oolemma 
s u r f a c e  i s  ve ry  i r r e g u l a r .  7 f )  At 30 min pos t spawn,  the egg r e s t s  
e c c e n t r i c a l l y  w i t h i n  the HE b r i n g i n g  the HE c l o s e  to the  oolemma. In 




M i t oc h o n d r i a  a r e  numerous in the  c o r t e x  nea r  the plasmalemma.  The 
packed r i n g  v e s i c l e s  a r e  l e s s  numerous by t h i s  t ime p o i n t .
At 27 min pos t spawn,  the  e nve l ope  measur es  about  0 . 5  pm in 
w i d t h  ( F i g u r e  11-7 e ) and the egg c o r t e x  s t i l l  c o n t a i n s  dense  v e s i c l e s  
and t r a n s l u c e n t  v e s i c l e s  i n  the  c y t o p l a s m.  T r a n s p a r e n t ,  l a r g e  v e s i c l e s  
a r e  o c c a s i o n a l l y  seen  n e a r  the  plasmalemma.  The s u r f a c e  i s  i r r e g u l a r  
i n  s hape  as  e x o c y t o t i c  type  e v e n t s  c o n t i n u e .
By 30 min pos t spawn,  the  h a l c h i n g  e nve l ope  was a t h i c k  0 . 5  pm 
l a y e r .  The egg i s  o f t e n  e c c e n t r i c  w i t h i n  the h a l c h i n g  e nve l ope .  
C o r t i c a l  g r a n u l e  e x o c y t o s i s  c o n t i n u e s  to mi s shapen  the  egg oolemma 
( F i g u r e  1 1 - 7 f ).
Discussion
S. I n g e n t i s ,  T. s i m i i i s  and P. vannamei form h a t c h i n g  enve l ope s  
from a s e r i e s  o f  c o r t i c a l  e x o c y t o t i c  e v e n t s  i n v o l v i n g  a v e s i c u l a r  
p r e c u r s o r  under  the j e l l y  l a y e r .  Wi t h i n  a nar row t ime f rame,  t h i s  
enve l ope  p r e c u r s o r  r e a c t s  w i t h  c o r t i c a l  m a t e r i a l  to a s semble  an e a r l y  
e n v e l o p e  w i t h  a compact  dense  l a y e r .  There  f o l l ows  in r a p i d  
s u c c e s s i o n ,  a n o t h e r  s e r i e s  o f  e x o c y t o s i s  o f  open r i n g  v e s i c l e s ,  t h a t  
seems t o  be r e s p o n s i b l e  f o r  e l e v a t i n g  the e nve l ope  from t he  oolemma. 
Then,  y e t  a n o t h e r  s e r i e s  o f  r i n g  v e s i c l e  e x o c y t o s i s  adds m a t e r i a l  to 
the  i n n e r  l a y e r  o f  the  h a t c h i n g  e n v e l o p e .  The dense  v e s i c l e s  a ppe a r  to 
p l a y  a c o n t i n u o u s  r o l e  in t he  f u r t h e r  e l a b o r a t i o n  of  the h a t c h i n g  
e nve l ope  as  t hey a r e  p r e s e n t  t h r oughou t  the  h a t c h i n g  e nve l ope  assembly 
and e l e v a t i o n .
I n t e r e s t i n g l y ,  many of  t h e s e  v e s i c l e  t ypes  a ppe a r  Lo have a 
s i m i l a r  morphology a c r o s s  t he  t h r e e  s p e c i e s .  Ex o c y t o s i s  a p p e a r s  to 
i n v o l v e  t h r e e  c o r t i c a l  g r a n u l e  t ype s  as  the v e s i c l e s  e x o c y t o s e  in 
p a t t e r n e d  waves.  The same v e s i c l e  t ypes  may a p p e a r  i n  the  c o r t i c a l  
r e g i o n  and a l s o  ne a r  t h e  c e n t e r  o f  the  egg,  but  t h e r e  i s  a d e f i n i t e  
s equence  to t he  e x o c y t o t i c  e v e n t s .  Th i s  s u g g e s t s  t h a t  1) the 
c o mp o s i t i on  o f  s i m i l a r  a p p e a r i n g  v e s i c l e s  may d i f f e r ,  or  2) the 
c o n t e n t s  o f  t he  v e s i c l e  a r e  r e q u i r e d  more t han  one t ime.  However,  i t  
has y e t  to be d e t e r mi n e d  whe t he r  or  not  a l l  m o r p h o l o g i c a l l y  s i m i l a r  
v e s i c l e s  have the  same b i oc h e m i c a l  c o m p o s i t i o n .  S i m i l a r  v e s i c l e s ,  i . e .  
" r i ng "  v e s i c l e s  and "dense"  v e s i c l e s ,  a r e  s een  i n  l o b s t e r  ( Ta l bo t  and 
Goudeau,  1988) ,  palaemon shr imp (Goudeau,  e t  a l . ,  1991) and copepods  
( B i a d e s - E c k l e b a r g e r  and Marcus ,  1992) .  S i m i l a r  r i n g  f i l l e d  s t r u c t u r e s  
a r e  a l s o  r e p o r t e d  i n  t he  c r a b  (Goudeau and L a c h a i s e ,  1980a,  1980b) .
The h a t c h i n g  e n v e l o p e s  i n  the  t h r e e  penaeo. id s p e c i e s  a r e  s i m i l a r  
in s t r u c t u r e  e a ch  w i t h  a dense  o u t e r  l a y e r  and an e l e c t r o n  t r a n s l u c e n t  
i n n e r  l a y e r .  Ha t ch i ng  e n v e l o p e s  o f  P. vannamei and S. i n g e n t i s  a r e  
smooth w i t h o u t  e x t e r i o r  o r n a m e n t a t i o n .  On the  o t h e r  hand,  T. s i m i l i s  
h a t c h i n g  enve l ope  has f o l d s .
In a l l  t h r e e  s p e c i e s ,  s i m i l a r  e v e n t s  l ead  to h a t c h i n g  e nve l ope  
e l e v a t i o n .  However,  the  m i g r a t i o n  of  v e s i c l e s  t h r ough  the c o r t e x  must  
happen much more r a p i d l y  i n  P. vannamei a s  the c o r t e x  i s  not  devoid  of  
o r g a n e l l e s  a t  6 mln pos t spawn.  Thi s  r e g i o n  i s  s t i l l  v i s i b l e  in T. 
s i m i l i s  and 5.  i n g e n t i s .  The r i n g - p a c k e d  v e s i c l e s  a r e  more prominent  
in T. s i m i l i s  t han the o t h e r  two s p e c i e s ,  wh i l e  the dense  v e s i c l e s  a r e  
most  prominent  in P. vannamei.  The o p e n - r i n g  v e s i c l e s  a r e  most
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prominent  i n  S. i n g e n t i s ,  but  a r e  s een  in a l l  t h r e e  s p e c i e s .  The 
e v e n t s  a ppe a r  to occur  i n  the same o r d e r ,  bu t  the t ime span i s  much 
s h o r t e r  f o r  P. vannamei.
In c o n t r a s t  to t he  o b s e r v a t i o n s  of  P i l l a r  and Cl a rk  (1988b) and 
P i l l a i  ( 1988) ,  t he  p r e s e n t  s t u d y  cou l d  not  i d e n t i f y  a s u r f a c e  coa t  
p r e c u r s o r  between the j e l l y  c o a t  and t he  oolemma a t  any t ime in any 
s p e c i e s .  Th i s  o b s e r v a t i o n  s u g g e s t s  two o t h e r  p o s s i b i l i t i e s  for  
t emp l a t e  f o r  the h a t c h i n g  e n v e l o p e .  F i r s t ,  i t  i s  the  p o s s i b l e  t h a t  
compl e t e  f o r ma t i on  and a s sembly  is de novo.  I f  such were the c a s e ,  
the  a s sembly  cou l d  r e q u i r e  onl y  the component s  of  the  c o r t i c a l  
v e s i c l e s .  A second p o s s i b i l i t y  i s  t h a t  the c o r t i c a l  v e s i c l e  m a t e r i a l s  
i n t e r a c t  w i t h  the j e l l y  l a y e r .  Thi s  would be remi ni scenL of  the 
p r e c i p i t a t i o n  r e a c t i o n  in amphibian f e r t i l i z a t i o n  e nve l ope  f o r ma t i on  
where m a t e r i a l  from the ooc y t e  i n t e r a c t s  w i t h  the j e l l y  l a y e r  to form 
the f e r t i l i z a t i o n  e nve l ope  p r e c u r s o r .  S w i r l i n g  t he  eggs in the media 
d i s h e s  r e p o r t e d l y  d e j e l l i e s  the  eggs .  Expe r i ment s  d e s c r i b e d  in Cha p t e r  
I I I  r e q u i r e d  s w i r l i n g  t he  eggs and s u b s e q u e n t l y  chang i ng  the media 
s e v e r a l  t imes  to remove the j e l l y  l a y e r  component s .  In t hes e  eggs ,  
h a t c h i n g  enve l ope  e l e v a t i o n  and assembly  was normal ,  a l t h o u g h  no 
e x p e r i me n t s  have been done to t e s t  f o r  the  a b s o l u t e  removal  of  the 
j e l l y  l a y e r .  The g r a n u l a r  m a t r i x  a s s o c i a t e d  w i t h  the j e l l y  l a y e r  was 
o f t e n  a b s e n t  in the  e l e c t r o n  mi c r o g r a p h s .  A l t e r n a t i v e l y ,  the  same 
type o f  " p r e c i p i t a t i o n  r e a c t i o n "  cou ld  p o s s i b l y  i nv o l v e  the e x t r a  
c e l l u l a r  m o i e t i e s  of  the  oolemma. Th i s  would p o s s i b l y  e x p l a i n  the 
" s e p a r a t i o n "  type event  seen  in some of  the mi c r og r a phs  and cou ld  a l s o
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o f f e r  a p a r t i a l  e x p l a n a t i o n  f o r  the c a r e f u l  Liming of  c o r t i c a l  v e s i c l e  
e x o c y t o s i s .
U l t i m a t e l y ,  the  q u e s t i o n  s t i l l  r emains  as  to the o r i g i n  o f  the 
t emp l a t e  or  s c a f f o l d  o f  the h a t c h i n g  e n v e l o p e  i n  peneao i d  s hr i mp.  The 
c o r t i c a l  v e s i c l e s  p l ay  a major  r o l e  in a m p l i f y i n g  the  h a t c h i n g  
e nv e l o p e ,  but  the  b a s i s  f o r  t h i s  e x p r e s s i o n  s t i l l  evades  us .
H i r o s e ,  e t  a l .  (1992)  s u g g e s t  i n  copepods  t h a t  the f e r t i l i z a t i o n  
l a y e r  i n i t i a l l y  s e p a r a t e s  from the egg membrane.  In the s hr i mp,  i t  
a ppe a r s  t h a t  a l t h o u g h  a l a y e r  may be seen  " s e p a r a t i n g "  from the  
membrane,  i t  i s  not  of  membrane o r i g i n ,  but  more l i k e l y  a d e p o s i t i o n  
on the e x t e r i o r  of  the  membrane s i n c e  t he  " s e p a r a t i o n "  o c c u r s  a f t e r  
the  f i r s t  c o r t i c a l  e x o c y t o s i s  has begun.
R e s u l t s  o f  the  p r e s e n t  s t u d y  s u g g e s t  t h a t  the  f o rma t i on  of  the  
h a t c h i n g  enve l ope  in pe ne ao i d  shr imp may r esemble  the amphibian 
f e r t i l i z a t i o n  e nve l ope  f o r ma t i o n .  A p r e c i p i t a t i o n  type r e a c t i o n  may be 
used to e s t a b l i s h  the o u t e r  l a y e r  of  the h a t c h i n g  e n v e l o p e .  However,  
the shr imp us es  the  o u t s i d e  of  the oolemma as  the  envi ronment  f o r  the 
r e a c t i o n  to t ake  p l a c e ,  a dd i ng  c o r t i c a l  g r a n u l e  m a t e r i a l  i n  a 
c a r e f u l l y  o r c h e s t r a t e d  s e r i e s  o f  e x o c y t o s i s  from the  c y t op l a s m.  The 
c o n t i n u e d  p r es e n c e  o f  t he  v e s i c l e s  a f t e r  the  f i r s t  s e r i e s  of  
e x o c y t o s i s  s u g g e s t  t h a t  not  on l y  the m a t e r i a l ,  but  the  t iming  of  
e x o c y t o s i s  i s  c r i t i c a l  to the  f o r ma t i o n  o f  t he  s t r u c t u r a l l y  sound 
e n v e l o p e .
CHAPTER I I I
OXIDASE ACTIVITY ASSOCIATED WITH THE ELEVATION' OF THE PEN’AEOID SHRIMP
HATCHING ENVELOPE
I n t r o d u c t i o n
The e l e v a t i o n  and t r a n s f o r m a t i o n  of  an e x t r a c e l l u l a r  c o a t  as  a 
p h y s i c a l  i n h i b i t o r  o f  polyspermy and as  a mic r oenv i ronment  f o r  the 
f e r t i l i z e d  egg has become a paradigm ( Sc hue l ,  .1985; Kudo and Inoue,  
1986,  1989; Kudo and Teshima,  .1991; Kudo, 1992) .  The mechanisms o f  the 
c o a t  a s sembly  in most  s p e c i e s  a r e  not  w e l l  u n d e r s t o o d ,  however ,  owing 
to t he  enzyme sys tems  a p p a r e n t l y  m u l t i f a c e t e d  and complex n a t u r e .
In s e a  u r c h i n s ,  ex t r a -embrvoni . c  c oa t  a s sembly  i nvo l ves  the d i -  
and t r i - t y r o s i n e  l i n k a g e s  med i a t ed  by a o v o p e r o x i d a s e - p r o t e o l i a . i s . i n  
complex ( Foe r de r  and S h a p i r o ,  1977; H a l l ,  1978; Kay and S h a p i r o ,  1982, 
.1985, .1987; Weidman, e t  a l . ,  1985,  1987; Somers,  e t  a l . ,  1989) .  A 
s i m i l a r  sys tem has been documented in b u t t e r f l i e s  ( G r i f f i t h  and La i -  
Fook,  1986) .  A p e r o x i d a t i c  r e a c t i o n  o c c u r s  in t he  f i r s t  l a y e r  o f  the 
f e r t i l i z a t i o n  enve l ope  and in the  a r e a  o f  the mi c r opy l e  i n  t he  c ho r i on  
of  the  f i s h ,  Tribolodon hakonens is  (Kudo, 1988) .  I n i t i a l l y ,  many of  
t h e s e  r e a c t i o n s  were i n f e r r e d  by s u b s t r a t e  l o c a l i z a t i o n  ( Kl e b a n o f f ,  e t  
a l . ,  1979; Green eL a l . ,  1990) or  by use of  p e r o x i d a s e  i n h i b i t o r s  such 
as  3 - a m i n o - 1 , 2 , 4 - L r i a z o l e  (ATA) o r  sodium s u l f i t e  (Veron,  e t  a l . ,
1977; Showman and F o e r d e r ,  1979) .  I n h i b i t i o n  of  p e r o x i d a s e s  a l s o  
r e s u l t s  in f a i l u r e  o f  e nve l ope  e l e v a t i o n ,  or  abnormal  enve l ope  
assembly (Lynn,  e t  a l . ,  1988; Showman and F o e r d e r ,  1979; Veron,  et  
a l . ,  1977; Foe r de r  and Sh a p i ro ,  1977) .  The a c t i v i t y  of  o t h e r  enzymes,  
such as  p r o t e a s e s ,  a r e  i mp l i c a t e d  in e x t r a c e l l u l a r  c oa t  f o r ma t i on  
(Lindsay  and Hedr i ck ,  1989; f o r  r evi ew,  Kay and S h a p i r o ,  1985).
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Al t hough o v o p e r o x i da s e  i s  r e l e a s e d  from the c o r t i c a l  g r a n u l e s  of  mouse 
eggs ,  o t h e r  enzymes a r e  b e l i e v e d  to accoun t  f o r  the  changes  i n  zona 
p e l l u c i d a  p e r m e a b i l i t y  d u r i n g  the zona r e a c t i o n  ( \ \ asserman,  1987a,  
1987b;  B l e i l  and U'asserman,  1980) .
In pe na eo t de an  shr i mp e ggs ,  the h a t c h i n g  e nve l ope  i s  e l e v a t e d  
30-45 min a f t e r  spawning i n t o  s e a  w a t e r .  Th i s  e l e v a t i o n  i s  the  r e s u l t  
o f  two c o r t i c a l  v e s i c l e  e x o c y t o s e s  in S ic yon ia  i n g e n t i s ,  and in 
Trachypenaeus s i m i l i s  (Lynn,  el  a l . ,  1991; s ee  a l s o  Cha p t e r  11) .  In 
bo t h  s p e c i e s ,  as sembly  r e s u l t s  in a h a t c h i n g  e nve l ope  w i t h  a t h i c k ,  
e l e c t r o n  t r a n s l u c e n t ,  i n n e r  l a y e r  be ne a t h  a t h i n n e r ,  e l e c t r o n  dense ,  
o u t e r  l i n i n g .  Evidence  from e x p e r i me n t s  in which known p e r o x i d a s e  
i n h i b i t o r s  a r e  i nc l u d e d  in the i n c u b a t i o n  media i n d i c a t e s  t h a t  an 
o x i d a s e - l i k e  enzyme i s  i n v o l v e d  in h a t c h i n g  e nve l ope  as sembly .  
L o c a l i z a t i o n  t e c h n i q u e s  f o r  p e r o x i d a s e  u s i n g  3 , 3 ’ - d i a m i n o b e n z i d i n e  
(DAB) d i d  not  show s i g n i f i c a n t  p r oduct  f o r ma t i o n .  Thi s  s u g g e s t s  the 
p r e s e n c e  o f  an o x i d a t i v e  enzyme r a t h e r  than o v o p e r o x i d a s e .
Materials  and Methods 
Animal C o l l e c t i o n  and Handling
The r o c k - s h r i m p , S ic y o n ia  i n g e n t i s ,  was o b t a i n e d  by o t t e r  t rawl  
o f f  the s o u t h e r n  c o a s t  o f  C a l i f o r n i a .  Mature ,  mated f emales  were 
t r a n s p o r t e d  in c o o l e d ,  a e r a t e d  t anks  to the mar i ne  f a c i l i t y  a t  Bodega 
Bay where an i ma l s  were m a i n t a i n e d  wi t h  c o n s t a n t  l i g h t  in f l o w- t h r o u g h  
aquar iums  a c c o r d i n g  to the  methods of  C l a r k ,  et  a l .  ( 1980) .  Spawning 
was i nduced n a t u r a l l y  by p l a c i n g  an ima l s  in t o t a l  da r k n e s s  ( P i l l a i  and 
C l a r k ,  1988a) .  Trachypenaeus s i m i l i s  were c o l l e c t e d  in the Gul f  of  
Mexico by o t t e r  Lrawl o f f  the c o a s t  of  L o u i s i a n a .  Mated females  were
t r a n s p o r t e d  in a e r a t e d  c o n t a i n e r s  to the l a b o r a t o r y  a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y  where t he  a n i ma l s  were mon i t o r ed  f o r  spawning b e h a v i o r .
Animals  d e m o n s t r a t i n g  spawning b e h a v i o r  were removed and he ld  
ove r  70 x 50 mm c r y s t a l l i z i n g  d i s h e s  c o n t a i n i n g  a r t i f i c i a l  s e a  wa t e r  
t o  c o l l e c t  t he  eggs .  The eggs  were s w i r l e d  g e n t l y  f o r  10 min in  t he  
a r t i f i c i a l  s e a w a t e r  to p r e v e n t  eggs from a d h e r i n g  and to a l l o w  e a r l y  
a c t i v a t i o n  e v e n t s  to p r oceed  no r ma l l y  (Lynn,  et  a l . ,  1991; Lindsay and 
C l a r k ,  1992) .
Microscopy
Samples f o r  l i g h t  mi c r oscopy  were removed from the  spawning 
d i s h e s  and p l ac e d  on c l e a n  g l a s s  s l i d e s  and covered  w i t h  a cove r  g l a s s  
s u p p o r t e d  by a r i n g  o f  p e t r o l eu m  j e l l y  to p r e v e n t  c r u s h i n g  and 
d e s i c c a t i o n  of  t he  e ggs .  Eggs were t hen obs e r ved  and pho t ographed  wi t h  
a Mikon O p t i p h o t  or  Di aphot  mi c r o s c o p e .  For  f l u o r e s c e n t  s t u d i e s  of  
enzyme a c t i v i t y ,  a p e r o x i d a s e  s e n s i t i v e ,  rhodamine ana l ogue  dye,  
d i h y d r o t e t r a m e t h v l r o s a m i n e  ( Mol e c u l a r  P r obe s ,  D-638) was added 
d i r e c t l y  to the  spawning d i s h  a t  t en  min pos t spawn.  Eggs were obse rved  
u s i ng  an FITC f i l t e r  cube w i t h  an e x c i t a t i o n  of  480 nm and long pa t h  
b a r r i e r  f i l t e r  o f  530 nm.
Some S. Inge iU ls  spawns i n  the  c o n t r o l  s ea  wa t e r  and ATA t r e a t e d  
s ea  wa t e r  had f l u o r e s c e n t  t agged d e x t r a n s  (500 pg per  1 ml egg 
s u s p e n s i on )  added to the media  a t  50 min pos t spawn ( a f t e r  h a t c h i n g  
e nve l ope  e l e v a t i o n  was s e e n ) .  These eggs were obs e r ved  wi t h  
e p i f l u o r e s e n c e  u n t i l  90 min pos t spawn.  Fi ve  d i f f e r e n t  d e x t r a n s  of  
4400,  10,000,  40 , 000 ,  76 ,000 and 155,000 m o l e c u l a r  we i g h t ,  c o n j u g a t ed  
to f l u o r e s c e i n  i s o t h i o c y a n a L e  ( FI TC- dex t r an )  or  LeLramethyi rhodamine
i s o t h i o c y a n a t e  ( TRi TC-dexl r an)  p r obes  were u s e d .  The eggs were 
obs e r ve d  f o r  f l u o r e s c e n c e  w i t h i n  t he  p e r i v i t e l l i n e  s pa ce .
Samples f o r  e l e c t r o n  mic r oscopy  were removed a t  the  t ime of  
h a t c h i n g  e nve l ope  e l e v a t i o n  (40-50 min pos t spawn)  and 75 min pos t spawn 
for  S.  I n g e n t i s .  S i m i l a r l y ,  sampl es  f o r  T. s i m i l i s  were  t aken a t  
h a t c h i n g  enve l ope  e l e v a t i o n  (30-40 min pos t spawn)  and 90 min 
pos t spawn.  Al l  samples  w'ere f i xe d  in  a f i n a l  c o n c e n t r a t i o n  of  1.2% 
pa r a f o r ma l de hyde  and 0.8% g l u t a r a l d e h v d e  in 0 . 27  M sodium c a c o d y i a t e  
and 33% sea  w a t e r  b u f f e r ,  pH 8 . 3 ,  f o r  1 h r  a t  room t e m p e r a t u r e .
Samples were washed t h r e e  t i mes  in 0 . 4  M c a c o d y i a t e  b u f f e r  and p o s t ­
f i xed  in 1% f i n a l  c o n c e n t r a t i o n  of  osmium t e t r o x i d e  in 0 . 2  M 
c a c o d y i a t e  b u f f e r  f o r  45 min a t  room t e m p e r a t u r e ,  d e h y d r a t e d  t h rough  a 
g raded  a c e t o n e  s e r i e s ,  and embedded in a mod i f i e d  S p u r r ’ s r e s i n  
( S p u r r ,  1966) s u b s t i t u t i n g  Que t o l  651 f o r  the  DER r e s i n .  Thin s e c t i o n s  
were c u t  wi t h  a diamond k n i f e ,  f l oaLed on copper  g r i d s ,  doubl e  s t a i n e d  
wi t h  l ead  c i t r a t e  (Venable  and C o g g e s h a l l ,  1965) and m e t h a n o l i c  u r anv l  
a c e t a t e  and viewed on a JEOL CMX-100 t r a n s m i s s i o n  e l e c t r o n  mic r oscope  
a t  80 kV.
Samples f o r  s c a n n i n g  e l e c t r o n  mic r oscopy  were t r e a t e d  as 
d e s c r i b e d  above u n t i l  a f t e r  d e h y d r a t i o n ,  a t  which t ime the  samples  
were c r i t i c a l  p o i n t  d r i e d ,  p l ac e d  on s t u b s ,  c o a t e d  wi t h  20 nm 
p a l l a d i u m gold  on an Edwards S150 s p u t t e r  c o a t e r  and viewed on a 
Cambridge SLereoscan  260 s ca n n i n g  e l e c t r o n  mi c r o s c ope .
I n h i b i t o r  and L o c a l i z a t io n  S tu d i e s
A f t e r  e a r l y  a c t i v a t i o n  e v e n t s  o c c u r r e d  (Lindsay  and C l a r k ,  1992; 
Lynn, e t  a l . ,  1991) ,  o x i d a s e  i n h i b i t o r s ,  3-amino-. l  , 2 ,4 , 1 r i a / .o le (ATA)
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or  sodium s u l f i t e ,  were added to the  medium, and h a t c h i n g  enve l ope  
e l e v a t i o n  was mon i t o r e d  w i t h  l i g h t  mi c r oscopy .  The f i n a l  c o n c e n t r a t i o n  
was 100 pM ATA or  20 pM sodium s u l f i t e  i n  s e a  w a t e r .
The p e r o x i d a s e  r e a c t i o n  used DAB as a s u b s t r a t e  and was 
per formed as  d e s c r i b e d  by the  method of  K l e b a n o f f ,  e t  al .  (1979) and 
Green,  e t  a l .  ( 1990) .  Samples were removed from the spawning d i s h  and 
washed in 0 . 1  M TRIS-0.45 M N'aC.l, pH 7.2 s o l u t i o n  to  remove 
i n t e r f e r i n g  s a l t s .  Then DAB (2mg,/mi) was added f o r  10 min in the 
p r e s e n c e  o f  0.01% IDÔ . The r e a c t i o n  was s t opped  by the a d d i t i o n  of  2.x 
volumes of  5.0% g l u t a r a l d e h v d e  and 1.6% f ormaldehyde  f i x a t i v e  in 0.1 M 
T r i s - b u f f e r .  Samples were then p r oc e s s e d  f o r  t r a n s m i s s i o n  e l e c t r o n  
mic r oscopy  as  d e s c r i b e d  above .  S t a i n e d  and u n s t a i n e d  s e c t i o n s  were 
ob s e r v e d .  S e c t i o n s  were s t a i n e d  u s i n g  l ead  c i t r a t e  and u r a n y l  a c e t a t e .  
Enzyme Assays
P e r o x i d a s e  a s s a y s  were pe r formed on s u p e r n a t a n t s  o v e r l y i n g  the 
spawned e ggs .  The a s s a y  used fo l l owed D e i t s ,  e t  a l .  ( 1984) ,  and Green,  
e t  a l .  ( 1990) ,  and i n c l u d e d  28 mM g u a i a c o l  (Sigma G-5502) ,  1.0 mM I^O, 
and s u p e r n a t a n t  (50-500 p i )  from s e t t l e d  eggs .  S t a n d a r d s  used
l a c t o p e r o x i d a s e  as a s u b s t r a t e .  P r o t e i n  a s s a y s  were per formed
a c c o r d i n g  to Lowry, e t  a l . ( 1951) .
El e c t r o p h o r e s l s
Ha t c h i ng  e nve l ope s  were i s o l a t e d  from S. I n g e n t i s  eggs a t  75 min
pos l spawn.  Eggs were homogenized u s i n g  a 15 ml t i s s u e  homogenizer  in
50 x volumes o f  i s o l a t i o n  media c o n s i s t i n g  of  0 . 5  M XaCl,  5 mM 
benzami d i ne ,  0.05% Xonide t  NP-40 (Sigma X-6507) ,  u n b u f f e r e d ,  a d j u s t e d  
to pH 4.  The s u s p e n s i o n  was c e n t r i f u g e d  f o r  5 min a t  660 X g.  The
s u p e r n a t a n t  was d i s c a r d e d  and Lhe p e l l e t  was resuspended  in  i s o l a t i o n  
media and c e n t r i f u g e d  a g a i n  a t  1000 X g f o r  5 min.  Washes were 
c o n t i n u e d  u n t i l  the p e l l e t  was u n i f o r ml y  wh i t e  and c o n t a i n e d  p r i m a r i l y  
enve l ope  m a t e r i a l  as  de t e r mi ne d  wi t h  phase  mi c r oscopy .  Samples u'ere 
t hen  f r oz e n  in  l i q u i d  n i t r o g e n  u n t i l  t r a n s f e r r e d  to a -20°C f r e e z e r .  
D e f r o s t e d  samples  were washed t h r e e  t imes  by c e n t r i f u g a t i o n  w i t h  0.1 M 
T r i s  b u f f e r ,  pH 6 . 8 ,  t o  remove the s a l t s  and p r o t e a s e  i n h i b i t o r s .  
A l i q u o t s  were then added to e qua l  volumes o f  2x sample b u f f e r  to g i ve  
f i n a l  c o n c e n t r a t i o n s  o f  0 . 05  M T r i s ,  1% SDS, 1% mercaptoethano.1 and 
10% g l y c i n e ,  b o i l e d  5 min and loaded  on a p r e c a s t  4-20% p o l ya c r y l a m i d e  
mi n i -g e l  (Bio-Rad 161-0903)  and run a t  40 mAmps c o n s t a n t  c u r r e n t .  Gels  
were s t a i n e d  u s i ng  Coomassie  Blue R-250 and s i l v e r  s t a i n e d  u s i n g  Bio-  
Rad S i l v e r  s t a i n  or  by the  method of  Wray (1981) .
Results
For c l a r i t y ,  a b r i e f  r e d e s c r i p t i o n  o f  h a t c h i n g  enve lope  
f o r ma t i on  in S. I n g e n t i s  and T. s i m i l i s  i s  r e i t e r a t e d  he r e .  Eggs 
spawned from S. I n g e n t i s  i n t o  room Lemperature  (20°C) a r t i f i c i a l  s ea  
wa t e r  r e l e a s e d  a j e l l y  c o a t  upon c o n t a c t  w i t h  s e a  wa t e r  ( P i l l a i  and 
C l a r k ,  1987; Lynn,  e t  a l . 1991) .  At 30 min pos t spawn,  the j e l l y  c o a t  
and s e v e r a l  sperm were v i s i b l e .  F i r s t  p o l a r  body f o rma t i on  o c c u r r e d  
f i v e  t o  10 min b e f o r e  t he  h a t c h i n g  e nve l ope  was s e en .  The second p o l a r  
body became v i s i b l e  a p p r o x i m a t e l y  40-45 min pos t spawn benea t h  the 
e l e v a t i n g  h a t c h i n g  e n v e l o p e  and both  p o l a r  b od i e s  remained v i s i b l e  
t h r o u g h - o u t  h a t c h i n g  e nve l ope  e l e v a t i o n .  Dur ing t h i s  t ime p e r i o d ,  a 
g r a n u l a r  m a t e r i a l  was obs e r ve d  a c c u mu l a t i n g  in the  p e r i v i t e l J i n e  
s pa c e .  At 90 min pos t  spawn the ha I c h i  rig e nve l ope  was r e f r a c t  i l e  wi t h
both  p o l a r  bod i e s  v i s i b l e  and a w e l l - d e v e l o p e d  p e r i v i t e l l i n e  s pa ce .
The d i am e t e r  of  the  e nve l ope  around the egg a ve r a ge d  524.7 pm ± 50.8 
( n =10) on t he  day sampled.  However,  t h e r e  was g r e a t  v a r i a b i l i t y  not ed  
from day to day and month to  month in t he  h e i g h t  o f  t he  e l e v a t e d  
enve l ope  from t he  s u r f a c e  o f  the egg.  For  t h i s  r e a s o n ,  enve l ope s  
d i a m e t e r s  a l one  were not  used as  an i n d i c a t o r  o f  s u c c e s s f u l  
f e r t i l i z a t i o n  o r  a s sembl y .  S u c c e s s f u l  f e r t i l i z a t i o n  r e s u l t e d  in normal  
c l e a v a g e  p a t t e r n s .  S i nce  h a t c h i n g  e nve l ope  e l e v a t i o n  i s  a 
f e r t i l i z a t i o n  i ndepe nde n t  e v e n t ,  s u c c e s s f u l  a s sembly  and e l e v a t i o n  
were based on the a p p a r e n t  mo r pho l og i c a l  a s p e c t s  of  the  e nve l ope .
These a s p e c t s  i n c l u d e  t h e  c o n t i n u e d  e l e v a t i o n  w i t h o u t  c o l l a p s e  and the 
b i l a y e r  a ppe a r a nce  of  t he  h a t c h i n g  e n v e l o p e .  The e l e v a t e d  e nve l ope s  
r emained around the z ygo t e  or  egg u n t i l  t he  t ime of  h a t c h i n g  
a p p r o x i ma t e l y  24 hr  l a t e r .
In the eggs used as  c o n t r o l s ,  normal  e n v e l o p e s  were e l e v a t e d ,  
and a we l l  deve loped  per iviLe.1 l i n e  space  was v i s i b l e  a t  75 min 
pos t spawn ( F i g u r e  I l l - l a ) .  Wi th t r a n s m i s s i o n  e l e c t r o n  mic rocopy,  the 
h a t c h i n g  enve l ope  a ppe a r e d  as  a we l l  formed s t r u c t u r e  wi t h  f l o c c u l e n t  
m a t e r i a l  v i s i b l e  on the i n t e r i o r  and remnant s  o f  the j e l l y  l a y e r  on 
the e x t e r i o r  ( F i g u r e  I l l - l b ) .
Eggs from Trachypenaeus s i m i l i s  e l e v a t e d  e n v e l o p e s  a t  35-45 min 
pos t spawn i ndependen t  of  f e r t i l i z a t i o n  ( P i l l a i  and C l a r k ,  1988; Lynn, 
e t  a l . ,  1991) .  The e nve l ope  appear ed  as  a r e f r a c t i l e  c oa t  a round the 
egg by 60 min pos t spawn ( F i g u r e  H I - 3 a ) .  The T. s i m i l i s  h a t c h i n g  
e nve l ope  covered  the e x t e r i o r  of  the egg and p r ev e n t ed  o b s e r v a t i o n  of  
t he  i n t e r n a l  s t r u c t u r e  in s c ann i ng  e l e c t r o n  mi c r og r a phs  ( F i g u r e  111-
3b) .  At h i g h e r  m a g n i f i c a t i o n s ,  the e nve l ope  was seen  to have d i s t i n c t  
r i d g e - l i k e  s hapes  on the e x t e r i o r  of  t he  enve l ope  a r r a n g e d  in  a 
r e g u l a r  p a t t e r n  t h a t  encompassed a r e a s  o f  smooth e nve l ope  ( F i g u r e  l i l ­
a c ) .
In t r a n s m i s s i o n  e l e c t r o n  mi c r og r a phs  a t  90 min pos t spawn,  the 
h a t c h i n g  e nve l ope  a ppe a r e d  as  d i s t i n c t  s t r u c t u r e  wi t h  a b i l a y e r  
a ppe a r a nc e  in T. s i m i l i s  eggs  ( F i g u r e  111- 5 a ) . The t h i n ,  o u t e r ,  
e l e c t r o n  dense  l a y e r  had f o l d s  t han  would a ppe a r  as  da rk  l i n e s  in the 
i n n e r ,  more e l e c t r o n  t r a n s l u c e n t  l a y e r ,  c o r r e s p o n d i n g  to the r i d g e ­
l i k e  s t r u c t u r e s  seen  in  SEM, and a ppear ed  to be a c o n t i n u a t i o n  o f  the 
same m a t e r i a l  as the dense  o u t e r  l a y e r  ( F i g u r e  111- 5 a ) .  There  d i d  not  
a ppe a r  to be f l o c c u l e n t  m a t e r i a l  a s s o c i a t e d  w i t h  the i n t e r i o r  of  t hese  
p o i n t s .  The f l o c c u l e n t  l a y e r  c o n t i n u e d  to i n c r e a s e  in wi d t h  to g i ve  
the h a t c h i n g  e nve l ope  a t ota l ,  w i d t h  of  0 . 2 5 - 0 . 5pm.
I n h i b i t o r  s t u d i e s
S. i n g e n t i s  eggs t r e a t e d  w i t h  100 pM ATA e l e v a t e d  h a t c h i n g  
e nve l ope s  by 45 min pos t spawn o f t e n  p r ec e d i n g  the c o n t r o l s  by a few 
min.  U' ith l i g h t  mi c r osc opy ,  the e a r l y  i n h i b i t o r  t r e a t e d  eggs appear ed  
s i m i l a r  Lo the c o n t r o l  e ggs .  T r e a t e d  eggs a t  75 min pos t spawn had 
e nv e l o p e s  t h a t  appe a r e d  l e s s  r e t r a c t i l e  than the  c o n t r o l  eggs ,  and the 
e nve l ope s  o f t e n  c o l l a p s e d  to the oolemma ( F i g u r e  I T I - 2 a ).  Envelopes  
o f  t r e a t e d  eggs  were f r a g i l e ,  e a s i l y  removed and as  a r e s u l t ,  were 
o f t e n  l o s t  i n  f i x a t i o n  o r  d e h y d r a t i o n  p r o c e d u r e s  (Lynn,  et  a] . ,  1993; 
Gl a s ,  p e r s o n a l  o b s e r v a t i o n ) .
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F i g u r e s  111 -1 and 111 - 2 . S i c y o n i a  eggs spawned i n t o  a r t i f i c i a l  s e a  
wa t e r  and s e a  w a t e r  w i t h  100 pM ATA as  seen w i t h  phase  and 
t r a n s m i s s i o n  e l e c t r o n  mi c r osc opy .
F i g u r e  111- 1 .  In a r t i f i c i a l  s e a  w a t e r ,  the h a t c h i n g  enve l ope  and 
p e r i v i t e l l i n e  space  a r e  w e l l  formed,  l a )  By 90 min pos t spawn,  a 
d i s t i n c t ,  g r a n u l a r  f i l l e d  p e r i v i t e l l i n e  space  (*) was p r e s e n t  w i t h  a 
r e t r a c t i l e  h a t c h i n g  e nve l ope  (HE), lb)  T r a n s m i s s i o n  e l e c t r o n  
mi c r og r a phs  o f  5.  i n g e n t i s  eggs  i n  a r t i f i c i a l  s e a  wa t e r  show t h a t  by 
75 min pos t spawn,  a t h i c k  HE was formed.  The HE was a we l l  formed 
b i l a y e r e d  s t r u c t u r e  w i t h  a dense  o u t e r  l ay e r  and a more f l o c c u l e n t  
i n n e r  l a y e r ,  l c )  T r ea t men t  w i t h  DAB d i d  not  show a p p a r e n t  
p r e c i p i t a t i o n  in t he  HE and the two l a y e r s  remained v i s i b l e .
F i g u r e  111-2.  S. i n g e n t i s  eggs  75-90 min pos t spawn t r eaLed  wi t h  100 
pm ATA r e v e a l  t h a t  the  t r e a t m e n t  d i d  not  i n h i b i t  HE e l e v a t i o n .  2a)  By 
90 min,  the  e nve l ope s  o f t e n  c o l l a p s e d  o r  a ppear ed  w r i n k l e d  in  ATA 
t r e a t e d  s ea  w a t e r .  2b) T r a n s m i s s i o n  e l e c t r o n  mi c r og r a phs  o f  S. 
i n g e n t i s  show t he  e nve l ope  e l e v a t e d  s i m i l a r  to t he  c o n t r o l  eggs ,  
a l t h o u g h  the t h i c k n e s s  o f  t he  enve l ope  i s  noL the same.  The t h i n ,  
dense  l a y e r  of  the  HE was formed,  but  t he  f l o c c u l e n t  l a y e r  was not  
obs e r ved  to be as  t h i c k  as  the  c o n t r o l  eggs .  3c) I n c u b a t i o n  wi t h  DAB 
d i d  no t  show any p r e c i p i t a t i o n  as  i n d i c a t i v e  o f  p e r o x i d a s e  a c t i v i t y .  
Phase m i c r o g r a p h s ,  ba r  e q u a l s  100 pm.
E l e c t r o n  mi c r o g r a p h s ,  ba r  e q u a l s  1 pm.
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F i g u r e  ITI -3 and 111 -4 . Trachypenaeus s . im l l i s  eggs  were obs e r ve d  in  
a r t i f i c i a l  s e a  wa t e r  and i n  100 pM ATA.
F i gu r e  111- 3 .  T. s i m i l i s  eggs  in a r t i f i c i a l  s e a  w a t e r  e l e v a t e d  a 
h a t c h i n g  e nve l ope  (HE) by 45 min pos t spawn.  3 a ) .  Phase mi c r ographs  
show the HE as  a b i r e f r i n g e n t  r i n g  around t he  egg wi t h  a we l l  d e f i n e d  
p e r i v i t e l l i n e  space  ( * ) .  Bar  e q u a l s  100 pm. 3b) With s c ann i ng  e l e c t r o n  
m i c r o g r a p h s ,  the h a t c h i n g  e nve l ope  e x t e r i o r  cove red  the egg and 
obs cured  the i n t e r n a l  s t r u c t u r e .  Bar e q u a l s  50 pm. 3c) A r i d g e - l i k e  
p a t t e r n  was obs e rved  on t he  e nve l ope  e x t e r i o r  forming a r e g u l a r  shape  
on the  e x t e r n a l  s u r f a c e  of  the  e n v e l o p e .  Bar e q u a l s  10 pm.
F i g u r e  111-4.  T. s i m i l i s  eggs  t r e a t e d  wi t h  100 pm ATA e l e v a t e d  
e n v e l o p e s  a l s o .  4a) The e nve l ope s  were l e s s  r e f r a c t i v e  and a t  90 min 
pos t spawn,  t he  p e r i v i t e l l i n e  s pace  d i d  not  a ppe a r  to c o n t a i n  as much 
m a t e r i a l  as i n  the c o n t r o l s .  4b) The fo l ded  enve l ope  was s e en  in 
s c a n n i n g  e l e c t r o n  mi c r og r a phs  a ppear ed  s i m i l a r  t o  c o n t r o l  e n v e l o p e s .  
4c) The e x t e r i o r  had the r i d g e - l i k e  p a t t e r n  but  i t  was not  as 
prominent  as i n  the c o n t r o l s .  The p a t t e r n  ma i n t a i ne d  the r e g u l a r i t y  of  
the  c o n t r o l  bu t  d i d  not  a ppe a r  as  pronounced as  the  c o n t r o l .
Bar in a) e q u a l s  100 pm; ba r  i n  b) e q u a l s  50 pm; ba r  in c) e q u a l s  10 
pm
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F i g u r e  111-5 and 111 -6 . E l e c t r o n  mi c r og r a phs  d e p i c t  the h a t c h i n g  
e n v e l o p e s  of  T. s i m i l i s  eggs  formed i n  a r t i f i c i a l  and 100 pM ATA 
t r e a t e d  s e a  w a t e r s .
F i gu r e  111 - 5. By 90 min pos t spawn,  a d i s t i n c t i v e  h a t c h i n g  enve l ope  
(HE) was formed in T. s i m i l i s  e ggs .  5a) The t h i n  e l e c t r o n  dense  o u t e r  
l a y e r  was l i n e d  on the i n t e r i o r  by a t h i c k  f l o c c u l e n t  l a y e r .  
Cy t op l as mi c  p r o j e c t i o n s  and v e s i c l e s  were i n  the  p e r i v i t e l  1i ne  space  
( * ) .  E x t e r i o r  r i d g e s  a ppe a r e d  to  be formed from the same m a t e r i a l  as 
t he  dense  o u t e r  l a y e r  ( ar row)  which was d i s t i n c t  from the f l o c c u l e n t  
i nn e r  l a y e r .  5c) DAB i n c u b a t i o n  showed no d i s t i n c t i v e  l a b e l i n g  in the  
HE. S t a i n i n g  in t he  p e r i v i t e l l i n e  space  a p p e a r e d  to  be n o n - s p e c i f i c  
l a b e l l i n g .  The second e x t r a - e m b r v o n i c  e nve l ope  was v i s i b l e  as  a t h i n  
l a y e r  j u s t  i n t e r i o r  to the  HE.
F i gu r e  111-6.  T. s i m i l i s  i n  100 pm ATA had a much t h i n n e r  HE a t  90 
min pos t spawn.  6a) The e x t e r n a l  r i d g e s  were p r e s e n t ,  but  the i n n e r  
f l o c c u l e n t  l a y e r  was not  e v i d e n t .  The enve l ope  f o l de d  on i t s e l f  to 
g i v e  a d o u b l e - s i d e d  a p p e a r a n c e  and the  e x t e r i o r  r i d g e s  were not  as  
pronounced as  the  c o n t r o l s  HE. 6b) DAB i n c u b a t i o n  d i d  not  i n d i c a t e  any 
a p p a r e n t  p r e c i p i t a t i o n  i n  the HE as  i n d i c a t i v e  of  p e r o x i d a s e  a c t i v i t y .  
Bar e q u a l s  1 pm
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E l e c t r o n  mi c r og r a phs  of  73 min pos t spawn eggs r e v e a l e d  a dense 
o u t e r  l a y e r ,  but  the  i n n e r  l a y e r  had onl y  a s ma l l  amount  of  f l o c c u l e n t  
m a t e r i a l  added to t he  l e s s  dense  l a y e r  ( F i g u r e  111- 2 b ) .  As a r e s u l t ,  
t he  t r e a t e d  eggs  had a t h i n n e r  e nve l ope  t han  the  c o n t r o l  eggs which 
measured on l y  0 , 1  pm t h i c k .
T. s i m i l i s  eggs t r e a t e d  wi t h  100 pm ATA a t  10 min pos t spawn 
e l e v a t e d  e n v e l o p e s  about  30-33 min pos t spawn.  Eggs i n c u b a t ed  in 
p e r o x i d a s e  i n h i b i t o r s  had e n v e l o p e s  t h a t  a ppe a r e d  l e s s  r e t r a c t i l e  
( F i g u r e  111 -4 a ) and somet imes  c o l l a p s e d  to the  oolemma by 90 min 
pos t spawn as  compared to t he  c o n t r o l  egg in  a r t i f i c i a l  s e a  wa t e r  
( F i g u r e  111 -3 a ) .  When 90 min pos t spawn c o n t r o l  eggs were obs e r ved  w i t h  
s ca n n i n g  e l e c t r o n  mic r o s c opy ,  the  h a t c h i n g  e n v e l o p e  c ou l d  be seen 
c o v e r i n g  t he  egg ( F i g u r e  I E I - 3 b ).  At h i g h e r  m a g n i f i c a t i o n ,  a d i s t i n c t  
r i d g e - l i k e  p a t t e r n  was d i s t i n g u i s h a b l e  forming a r e g u l a r  shape  on the 
s u r f a c e  o f  t he  enve l ope  ( F i g u r e  111 -3 c ) . In i n h i b i t o r  t r e a t e d  eggs ,  
the p a t t e r n  was s t i l l  d i s t i n g u i s h a b l e ,  but  a ppe a r e d  l e s s  p r omi nen t ,  
more as  an i m p r i n t ,  t han in  t he  c o n t r o l  eggs ( F i g u r e  111-4 b and 4c ) .
At 90 min pos t spawn,  the  c o n t r o l  eggs  had a d i s t i n c t i v e  h a t c h i n g  
e nve l ope  w i t h  the r i d g e s  a p p e a r i n g  as e x t r a  l i n e s  w i t h i n  the b a t c h i n g  
enve l ope  ( F i g u r e  111 - 5 c ) . Eggs t r e a t e d  wi t h  p e r o x i d a s e  i n h i b i t o r  
appear ed  to have a t h i n n e r  b a t c h i n g  enve l ope  t h a t  c o n s i s t e d  o f  an 
e l e c t r o n  dense  l a y e r  ( F i g u r e  111- 6a and 6b) but  the  f l o c c u l e n t  
e l e c t r o n  t r a n s l u c e n t  l a y e r  was not  e v i d e n t .  The t r e a t e d  egg e nve l ope s  
measured 0 . 0 3 - 0 . 1  pm t h i c k  whereas  Lhe normal  e nve l ope s  measured 0 . 3 -  
0 . 3  pm t h i c k .  Al though eggs  t r e a t e d  wi t h  ATA had the e x t e r n a l  r i d g e s  
on the h a t c h i n g  e nve l ope  ( F i g u r e  l l i - G a ) ,  t he  r i d g e s  d i d  not  a ppe a r  as
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d i s t i n c t  as  i n  t h e  c o n t r o l  e ggs .  I n h i b i t o r  t r e a t e d  eggs  o f t e n  had 
h a t c h i n g  e n v e l o p e s  f o l d e d  on t hems e l ve s  so t h a t  i n  s e c t i o n ,  t he  r i d g e s  
appe a r e d  t o  be on t he  " i n s i d e "  of  t he  e nve l ope  a l s o  ( F i g u r e  I I I - 6 a ) .
When S. i n g e n t i s  eggs  were i n c u b a t e d  w i t h  l a b e l e d  d e x t r a n s  t o
examine t he  p e r m e a b i l i t y  o f  t he  h a t c h i n g  enve l ope  a t  90 min pos t spawn,
bo t h  t he  c o n t r o l  and ATA- t r e a t e d  eggs  had f l u o r e s c e n c e  w i t h i n  t he
p e r i v i t e l l i n e  spa ce  when i n c u b a t e d  w i t h  t h e  4400 m o l e c u l a r  we i gh t
p r o b e s .  With 10,000 m o l e c u l a r  we i gh t  d e x t r a n s ,  t he  ATA- t r ea t ed  eggs
were f l u o r e s c e n t  w i t h i n  t he  p e r i v i t e l l i n e  s p a c e ,  but  t he  c o n t r o l  eggs
i n  a r t i f i c i a l  s e a  w a t e r  were  n o t .  With 40 ,000 and 76,000 m o l e c u l a r
we i gh t  d e x t r a n s ,  t he  c o n t r o l  t r e a t m e n t  r e v e a l e d  no f l u o r e s c e n c e  w i t h i n
t he  p e r i v i t e l l i n e  s pa ce ,  bu t  i n  t he  ATA t r e a t e d  eggs ,  r e s p o n s e s  were
v a r i a b l e  (Table  111- 1 ) .  The p r es e n c e  o f  f l u o r e s c e n c e  i n  t he  h i gh
Tabl e  I I I - l .  P r e s e nc e  o f  F l u o r e s c e n t  De x t r a ns  i n  t he  P e r i v i t e l l i n e  
Space (PVS) a f t e r  Ha t c h i ng  Envelope  E l e v a t i o n . _________________________
Mo l e c u l a r  we i gh t C o n t r o l -
a r t i f i c i a l  s e a  w a t e r
ATA t r e a t e d  s ea  
wa t e r
4400 + i  _t  2 2 + , +
10,000 _ •f
40,000 -
76,000 ♦ ♦ " t  +  . “
155,000 » + f -
+ not  e xc l ude d  from p e r i v i t e l l i n e  space  
- e xc l ude d  i n  p e r i v i t e l l i n e  space  
2 50% had f l u o r e s c e n c e  i n  PVS; 50% d i d  not
Each s c o r e  r e p r e s e n t s  a s e p a r a t e  t r i a l  i n c l u d i n g  10 or  more eggs  pe r  
t r i a l
m o l e c u l a r  we i gh t  t r i a l s  i n  ATA- t r ea t ed  eggs  p r oba b l y  was due t o  damage 
of  t he  e nve l ope  a l l o w i n g  t h e  f l u o r e s c e n t  dye i n t o  t he  p e r i v i t e l l i n e
s p a c e .
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S u b s t r a t e  Assays
When 5.  I n g e n t i s  eggs  were t r e a t e d  w i t h  t he  p e r o x i d a s e  s e n s i t i v e  
f l u o r e s c e n t  dye ,  d i h y d r o t e t r a m e t h v l r o s a m i n e  ( Whi t ake r ,  e t  a l . ,  1991) ,  
a t  10 min a f t e r  spawning,  no f l u o r e s c e n c e  was v i s i b l e  i n  eggs  20-30 
min pos t spawn.  A f l u o r e s c e n t  band appe a r e d  in  the c o r t i c a l  r e g i o n  of  
t he  egg b e g i n n i n g  a t  37-55 min pos t spawn o r  i mmedi a t e l y  b e f o r e  the 
h a t c h i n g  e nve l ope  became v i s i b l e  a t  46-53 min pos t spawn.  A t h i n  
f l u o r e s c e n t  band a ppear ed  in the e l e v a t i n g  h a t c h i n g  enve l ope  be g i nn i ng  
a t  37-47 min pos t spawn and the f l u o r e s c e n t  band remained in the r eg i on  
of  t he  newly e l e v a t e d  h a t c h i n g  e nve l ope  u n t i l  abou t  55-60 min 
pos t spawn ( F i g u r e  I I I - 7 b ) .  The second p o l a r  body was a l s o  v i s i b l e  in 
the f l u o r e s c i n g  egg ( F i g u r e  111-7a and 7b) .  By 90 min pos t spawn,  
a l t h o u g h  t he  c o r t i c a l  f l u o r e s c e n c e  p e r s i s t e d ,  the f l u o r e s c e n c e  in the 
h a t c h i n g  e nve l ope  was no l onge r  d e l e c t a b l e  in c o n t r o l  eggs ( F i g u r e  
111- 7 d ) .  The c o r t i c a l  r eg i on  f l u o r e s c e n c e  c o n t i n u e d  through f i r s t  
c l e a v a g e  and was v i s i b l e  in the  b l a s t o m e r e s  a t  t he  two c e l l  s t a g e
( F i g u r e  11T-7 c ) . The sperm were f l u o r e s c e n t  in the  c o n t r o l  eggs and in
p e r o x i d a s e  i n h i b i t e d  eggs .
In eggs  i nc u b a t ed  i n  t he  p e r o x i d a s e  i n h i b i t o r ,  ATA, the c o r t i c a l  
r e g i on  f l u o r e s c e d  b e f o r e  the h a t c h i n g  enve l ope  e l e v a t i o n  as  in the 
c o n t r o l  eggs  ( F i g u r e  111-8a and 8b ) .  However,  d u r i n g  and af t er -  
enve l ope  e l e v a t i o n  t h e r e  was no v i s i b l e  f l u o r e s c e n c e  in the  h a t c h i n g  
enve l ope  ( F i g u r e  111 -8 b ) . I f  t he  dye was added to eggs wi t h  the
enve l ope  removed a f t e r  e l e v a t i o n ,  t h e r e  was no f l u o r e s c e n c e  found in
the b l a s t o me r e s  (Lin ,  p e r s o n a l  communica t ion) .
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F i g u r e s  111- 7 t h rough  I I 1 - 9 .  Eggs were spawned i n t o  a r t i f i c i a l  s ea  
w a t e r ,  100 pM ATA t r e a t e d  s e a  w a t e r ,  and 20 mM sodium s u l f i t e  t r e a t e d  
s e a  w a t e r .  A p e r o x i d a s e  s e n s i t i v e  dye,  d i h y d r o t e t r a m e t h y l r o s a m i n e , was 
added and the  eggs were obs e r ve d  w i t h  e p i f l u o r e s c e n c e .
F i g u r e  IT 1-7.  S icyon ia  i n g e n t i s  eggs  were obs e r ve d  in  a r t i f i c i a l  
s e a w a t e r .  7a) At 45-60 min pos t spawn,  the  h a t c h i n g  enve l ope  (HE) 
be g i ns  to e l e v a t e  and the  p o l a r  bod i e s  were v i s i b l e .  7b) The r e g i o n  o f  
t he  c o r t e x  was f l u o r e s c e n t  and the  a r e a  of  the  e l e v a t i n g  HE began to 
f l u o r e s c e .  7c) By 90 min pos t spawn,  the egg had comple t ed  f i r s t  
c l e a v a g e .  7d) The c o r t e x  c o n t i n u e d  to f l u o r e s c e  but  the  HE d i d  n o t .
F i g u r e  111-8.  Eggs t r e a t e d  w i t h  100 pm ATA a ppear ed  normal  as  compared 
w i t h  the c o n t r o l .  8a) At 45-60 ,  the  p o l a r  b od i e s  were g i ven  o f f  HE 
e l e v a t e d .  The HE was t h i n  and d i s t o r t e d .  8b) The egg c o r t e x  c o n t i n u e d  
to f l u o r e s c e ,  but  no f l u o r e s c e n c e  was s een  in the  HE. 8c) At 90 min 
the HE was v i s i b l e  but  e a s i l y  d i s t o r t e d .  8d) No f l u o r e s c e n c e  i s  seen
in t he  HE, but  was s t i l l  s een  in  c o r t e x .
F i gu r e  111-9.  Eggs t r e a t e d  w i t h  20 mM sodium s u l f i t e  a l s o  e l e v a t e d  a
h a t c h i n g  e n v e l o p e .  9a) The HE i s  e l e v a t e d  a l t h o u g h  i t  a p p e a r s  t h i n  and
p a r t i a l l y  c o l l a p s e d .  9b) The c o r t e x  f l u o r e s c e s  f a i n t l y ,  and sperm and 
peda l  can be see  next  to t he  egg,  but  no f l u o r e s c e n c e  was seen  in the 
HE. 9c) At 90 min in  a n o t h e r  egg,  t he  HE remained e l e v a t e d  but  i s  
b e g i nn i ng  to c o l l a p s e  on one s i d e .  9d) The HE had no f l u o r e s c e n c e ,  but  
t he  c o r t e x  c o n t i n u e d  to show f a i n t  f l u o r e s c e n c e .
Bar e q u a l s  100 pm.
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Eggs i n c u b a t ed  in  sodium s u l f i t e  r e v e a l e d  f l u o r e s c e n c e  in  the 
c o r t i c a l  r eg i on  b e f o r e  h a t c h i n g  e nve l ope  e l e v a t i o n  but  the  
f l u o r e s c e n c e  was not  as  promi nent  as i n  the  o t h e r  t r e a t m e n t s  ( F i g u r e  
111 - 9a and 9b ) .  By 60-75 min pos t spawn,  t h e r e  was s t i l l  no 
f l u o r e s c e n c e  in the  e l e v a t e d  h a t c h i n g  enve l ope  ( F i g u r e  111-9c and 9d ) .
To v e r i f y  the f l u o r e s c e n c e  of  the  d i h y d r o t e t r a m e t h y ] r o s a m i n e  as 
a p e r o x i d a s e  r e a c t i o n ,  DAB was used as  a p e r o x i d a s e  s u b s t r a t e  ( Ka t s u r a  
and Tominaga,  1971; K l e b a n o f f ,  e t  a . i . ,  1979) .  At 75 min pos t spawn,  or  
the  t ime o f  the f u l l y  formed h a t c h i n g  e nve l ope  ( P i l l a i  and C l a r k ,  
1988b) ,  DAB p r e c i p i t a t i o n s  were a b s e n t  in the h a t c h i n g  e nve l ope  
( F i g u r e  111- 1 c ) and in  the  c o r t i c a l  v e s i c l e s .  There  was no 
p r e c i p i t a t i o n  obs e r ve d  i n  the  t h i n  h a t c h i n g  e n v e l o p e .  Al though 
m a t e r i a l  was p r e s e n t  i n  the p e r i v i t e l  1i ne  s p a c e ,  but  no i n c o r p o r a t i o n  
was d e t e c t e d  in the  h a t c h i n g  e nve l ope .
In T. s i m i l i s  a t  90 min pos t spawn,  an i n c r e a s e  in e l e c t r o n  
d e n s i t y  from DAB p r e c i p i t a t i o n  was not  obs e r ve d  in the  f u l l y  formed 
h a t c h i n g  enve l ope  ( F i g u r e  111-6 b ).




* c o l o r  appear ed  on l y  30 min l a t e r
Enzyme a s s a y s  f o r  p e r o x i d a s e  u s i n g  g u a i a c o l  as  t he  c o l o r  r ea ge n t  
r e v e a l e d  no c o l o r i m e t r i c  change in  Lhc s u p e r n a t a n t  w i t h i n  3 min.  
Samples  l e f t  on the c o u n t e r  g r a d u a l l y  produced a p o s i t i v e  c o l o r  
r e a c t i o n  a f t e r  abouL 30 min.  Sea w a t e r  c o n t r o l s  d i d  not  change c o l o r  
a f t e r  the  e q u i v a l e n t  Lime.
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Gel E l e c i r o p h o r e s i s
r s o l a t e d  e n v e l o p e s  o f  S. i n g e n t i s  from 75 min pos t spawn run on 
SDS-PAGE and s t a i n e d  w i t h  Coomassie b l u e  showed no r e a d i l y  a p p a r e n t  
d i f f e r e n c e s  between the  c o n t r o l  h a t c h i n g  e n v e l o p e s  and t hose  from eggs 
t r e a t e d  w i t h  ATA or  sodium s u l f i t e  ( F i g u r e  111- 10) .  The c o n t r o l  
e n v e l o p e s  r e v e a l e d  9 maj or  p r o t e i n s  i n  t he  g e l  and e nve l ope s  t r e a t e d  
w i t h  ATA or  sodium s u l f i t e  b e f o r e  i s o l a t i o n  a l s o  r e v e a l e d  the same 
major  bands ,  e s p e c i a l l y  a t  200 kDa, 90 kDA and a group of  bands about  
45 kDa. N a t i v e  g e l s  t r e a t e d  w i t h  g u a i a c o l  r e v e a l e d  no s t a i n i n g  
i n d i c a t i v e  o f  a p e r o x i d a s e  in any of  the p r o t e i n  bands .
Discussion
P e r o x i d a s e  enzymes have been i d e n t i f i e d  in s e a  u r c h i n  (Kay and 
S h a p i r o ,  1985 f o r  r ev i ew)  and f i s h  (Kudo,  et  a l . ,  1988) and t h e i r  
a c t i v i t y  has  been r e p o r t e d  in p h a g o c y t i c  c e l l s  ( Kl e b a n o f f ,  eL 
a l . , 1978) .  P e r o x i d a t i c  enzymes such as  o v o p e r o x i d a s e  a r e  we l l  d e f i n e d  
in t he  s ea  u r c h i n  f e r t i l i z a t i o n  enve l ope  h a rd e n i ng  ( Fo e r d e r  and 
S h a p i r o ,  1977;  D e i t s ,  eL a l . ,  1984; Kay and S h a p i r o ,  1985 for  r e v i e w) .  
Th i s  enzyme t o g e t h e r  w i t h  p r o t e o l i a i s i n  i s  b e l i e v e d  to be e s p e c i a l l y  
i mp o r t a n t  i n  the d i -  and t r i -  t y r o s i n e  c r o s s - l i n k s  t h a t  beg in  w i t h i n  
90 see  a f t e r  e l e v a t i o n  of  t he  f e r t i l i z a t i o n  e n v e l o p e .  Tr e a t me n t  of  
e x t r a - e m b r y o n i c  c o a t s  w i t h  s p e c i f i c  compounds such as  ATA or  sodium 
s u l f i t e  r e s u l t s  in c o a t s  t h a t  a r e  termed " s o f t " ,  a ppe a r  l e s s  
r e f r a c t i l e  and show t e n d e n c i e s  to c o l l a p s e  as  i n  the  s e a  u r c h i n  
( Fo e r d e r  and S h a p i r o ,  1977; Mal i ,  1978; Veron,  eL a l . ,  1977) and the 
shr imp (Lynn,  c l  a l . ,  1999) .  These t r e a t m e n t s  a l l ow the c oa t  to be
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F i g u r e  111-10.  Gel e l e c t r o p h o r e s i s  of  i s o l a t e d  h a t c h i n g  enve l ope s  show 
on l y  minor  d i f f e r e n c e s  i n  the  band p a t t e r n s .  Lane 1, m o l e c u l a r  we i gh t  
s t a n d a r d s .  Lane 2, e n v e l o p e s  from eggs  t r e a t e d  w i t h  100 pM ATA. Lane 
3,  i s o l a t e d  e n v e l o p e s  from eggs  i n  a r t i f i c i a l  s e a  w a t e r .  Lane 4, 
e n v e l o p e s  from eggs t r e a t e d  w i t h  20 mM sodium s u l f i t e .
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e a s i l y  removed in both  Lhe sea  u r c h i n  (Showman and F o e r d e r ,  1979) and 
the shr imp (Lynn,  e t  a l . ,  1993) .  Exami na t i on  o f  t h e s e  c o a t s  wi t h  
e l e c t r o n  mic r o s c opy ,  e s p e c i a l l y  i n  S.  i n g e n t i s  and T. s i m i l i s ,  o f t e n  
r e v e a l s  a d e f i c i e n c y  i n  Lhe s t r u c t u r e  o f  the  c o a t  as ev i de nc e d  by a 
d e c r e a s e  i n  t he  t h i c k n e s s  o f  the  h a t c h i n g  e n v e l o p e .  Tr ea t ment  wi t h  
sodium s u l f i t e  and ATA do not  i n t e r f e r e  d i r e c t l y  w i t h  t he  I -T 
t r a n s f o r m a t i o n  in  the  s e a  u r c h i n  S t r o n g y l o c e n t r o tu s  purpuraLus  (Veron,  
e t  a l . ,  1977; Kay, e t  a l . ,  1982) or  the a ppe a r a nc e  of  the e x t e r n a l  
r i d g e s  i n  T. s i m i l i s .  Th i s  t r a n s f o r m a t i o n  i s  i ndepe nde n t  o f  the 
p e r o x i d a s e  a c t i v i t y  in t he  s e a  u r c h i n  (Veron,  e t  a l . ,  1977; Kay, e t  
a l . ,  .1982) and a ppe a r s  to be i ndepe nde n t  any o f  o x i d a s e - l i k e  a c t i v i t y  
in the  s hr i mp.
DAB p r e c i p i t a t i o n  i n d i c a t i v e  of  a p e r o x i d a s e  a c t i v i t y  has  been 
r e p o r t e d  in t h e  f e r t i l i z a t i o n  e nve l ope  of  s e a  u r c h i n s  
S t r o n g y l o c e n t r o tu s  purpura tus  and L y te ch inus  p i c t u s ,  10 minu t es  or  
more pos t  i n s e m i n a t i o n  ( K l e b a n o f f ,  e t  a l . ,  1979; Kay and S h a p i r o ,
1985,  f o r  r ev i ew;  Green,  e t  a l . ,  1990) .  Kudo, et  a l . ,  (1988) a l s o  
d e mons t r a t e d  p e r o x i d a s e  a c t i v i t y  in t he  u n f e r t i l i z e d  v i t e l l i n e  
enve l ope  and the  f e r t i l i z e d  f i s h  c h o r i o n  and m i c r o p y l a r  r eg i on  a t  40 
min p o s t - f e r t i l i z a t i o n .  However,  in t he  shr imp S.  i n g e n t i s  and T. 
s i m i l i s ,  p e r o x i d a s e  a c t i v i t y  was not  v i s i b l y  l o c a l i z e d  in  t he  h a t c h i n g  
enve l ope  u s i n g  the DAB methodology used in f i s h  and s e a  u r c h i n .  The 
c o r t i c a l  v e s i c l e s  i n  S. i n g e n t i s  and T. s i m i l i s ,  l i k e w i s e ,  do not  
a ppe a r  to s t a i n  w i t h  DAB. In c o n t r a s t ,  s ea  u r c h i n  c o r t i c a l  g r a n u l e s  
s t a i n  d e f i n i t i v e l y  wi t h  DAB b e f o r e  f e r t i l i z a t i o n  e nve l ope  e l e v a t i o n  
and in the e a r l y  sLages  o f  c o r t i c a l  g r a n u l e  e x o c v t o s i s .
In a d d i t i o n ,  s u f f i c i e n t  ov o p e r o x i d a s e  i s  r e l e a s e d  by the s ea  
u r c h i n  eggs  to be a s s a y e d  q u a n t i t a t i v e l y  i n  the  s u p e r n a t a n t  from t hes e  
eggs a f t e r  i n s e m i n a t i o n  (De. i t s ,  e t  a l . ,  1984; Green,  e t  a l . ,  .1990), In 
p eneao i d  sh r i mp,  however ,  i f  an o v o p e r o x i da s e  i s  r e l e a s e d  f o l l owi ng  
spawning,  the  q u a n t i t i e s  a r e  i n s u f f i c i e n t  to d e t e c t  as  i n d i c a t e d  in 
t hes e  s t u d i e s .  N o n e t h e l e s s ,  the  de l a ye d  c o l o r  change in  t he  g u a i a c o l  
a s s a y  o f  shr imp ova s u p e r n a t a n t  may s u g g e s t  t h a t  a t  l e a s t  some type of  
o x i d a t i v e  enzyme i s  p r e s e n t .  I t  may s u g g e s t  long term,  n o n - s p e c i f i c  
p e r o x i d a s e  a c t i v i t y .
A compar i son of  t he  amino a c i d  c o mp o s i t i o n  o f  t he  s e a  u r c h i n  
f e r t i l i z a t i o n  e nve l ope  ( F o e r d e r  and S h a p i r o ,  1977) wi t h  t he  amino a c i d  
c omp o s i t i on  r e p o r t e d  by Pi 1 l a i  and Cl a r k  (1990) f o r  the  shr imp 
h a t c h i n g  enve l ope  ranks  the r e l a t i v e  abundance  o f  t y r o s i n e  r e s i d u e s  
c o n s i d e r a b l y  lower  in the  shr imp than in t he  sea  u r c h i n  f e r t i l i z a t i o n  
e n v e l o p e .  Assays  for  the  d i -  and t r i - t v r o s i n e  components  in Lhe shr imp 
h a t c h i n g  enve l ope  have not  been pe r f o r med .
The p e r o x i d a s e  i n h i b i t o r s ,  ATA and sodium s u l f i t e ,  a r e  b e l i e v e d  
to i n t e r f e r e  w i t h  the t y r o s i n e  c r o s s - l i n k a g e s ,  but  can a l s o  be an 
o x l d a t i c  o r  c a t a l a s e  i n h i b i t o r  and thus  p o t e n t i a l l y  i n t e r f e r e  wi t h  
o t h e r  o x i d a t i c  a c t i v i t i e s .  I f  o t h e r  o x i d a t i v e  sys t ems  were i nvo l ve d  in 
the a d d i t i o n  of  t he  f l o c c u l e n t  m a t e r i a l  to the o u t s i d e  l a y e r  o f  the 
i nn e r  shr imp h a t c h i n g  e n v e l o p e ,  t h i s  would e x p l a i n  t he  obse rved  
d i f f e r e n c e  i n  the  t h i c k n e s s  of  the  h a t c h i n g  e nve l ope  in  the  p r es e n c e  
o f  i n h i b i t o r s ,  but  t he  l ack  o f  p e r o x i d a s e  d e m o n s t r a t i o n  by DAB 
prec  i p i l a t  i o n s .
I n t e r f e r e n c e  w i t h  h a t c h i n g  e nve l ope  assembly  by " p e r o x i d a s e "  
i n h i b i t o r s  i s  f u r t h e r  i m p l i c a t e d  by the a p p a r e n t  d i f f e r e n c e  between 
the p e r m e a b i l i t y  to d e x t r a n s  i n  c o n t r o l  and ATA t r e a t e d  s e a w a t e r .
These e x p e r i me n t s  s u g g e s t  t h a t  t he  e nve l ope  i n  ATA i s  more permeable  
to mo l e c u l e s  i n  the  .10,000 t o  40,000 we i ght  range than c o n t r o l  eggs .  
The v a r i a b i l i t y  o f  e x c l u s i o n  i n  t he  h i g h e r  m o l e c u l a r  w e i g h t s  may be 
due to o t h e r  I n f l u e n c e s  such as t ime oT d e x t r a n  a d d i t i o n  to Lhe media ,  
damage t o  the  e n v e l o p e s  so t h a t  dye p e n e t r a t e s  t he  p e r i v i L e i  1 ine 
s p a c e ,  or  p o s s i b l y  whe t he r  f e r t i l i z a t i o n  has t aken p l a c e .  Damage to 
t he  e n v e l o p e s  was minimized by d e v e l o p i n g  a sys tem wi t h  minimum 
h a n d l i n g  of  the  e ggs .  A f low though chamber  was used on an i n v e r t e d  
mi c r osc ope  to a l l o w  c ha ng i ng  of  Lhe s o l u t i o n  w i t h o u t  a g i t a t i n g  the 
e ggs .  R e g a r d l e s s ,  t h e s e  p r e l i m i n a r y  r e s u l t s  a l s o  i n d i c a t e  a 
p e r m e a b i l i t y  d i f f e r e n c e  between p e r o x i d a s e  i n h i b i t o r  Lrea t ed  and 
c o n t r o l  eggs .
The rhodamine a n a l o g ,  d i h y d r o t e t r a m e t h y l r o s a m i n e ,  r e a c t s  wi t h  
ox. idizab. le s u b s t r a t e s  and i s  pH i ndepe nde n t  i n  i t s  a b s o r p t i o n  and 
e mi s s i o n  ( Whi t ake r ,  e t  a l . ,  1991) .  Th i s  dye has  been used in mammals 
and p r o t o z o a n  s y s t e ms .  One adva n t a ge  of  the dye i s  the a p p l i c a t i o n  to 
in  v i t r o  p r e p a r a t i o n s  e l i m i n a t i n g  the use  o f  f i x a t i v e s .  Whi t aker  e t  
a l . ,  (1991) d e s c r i b e s  t h i s  compound as  a n e u t r a l ,  l i p o p h i l i c  s u b s t r a t e  
f o r  h o r s e r a d i s h  p e r o x i d a s e  and hydrogen p e r o x i d e .  The f o r ma t i on  of  
hydrogen p e r o x i d e  as  a " r e s p i r a t o r y  b u r s t "  o f  f e r t i l i z a t i o n  has been 
d e s c r i b e d  i n  s e a r  u r c h i n s  by Heinecke and Sha p i r o  (1989) and Tu r n e r ,  
el a l .  ( 1985) .  S i m i l a r  e v e n t s  may r e s u l t  i n  the  a c t i v i t y  of  
d i hydro t o t  rame LhyIrosami  ne i n s h r  imp.
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The impl . ical . ions  o f  f e r t i l i z a t i o n  were not  c o n s i d e r e d  d u r i n g  
t h i s  s t u d y  as  e nve l ope  e l e v a t i o n  and f o r ma t i on  were p r e v i o u s l y  
c o n s i d e r e d  to be t o t a l l y  i ndepe nde n t  o f  f e r t i l i z a t i o n  ( P i l l a i  and 
C l a r k ,  1987,  1988b) .
In c o n c l u s i o n ,  t he  DAB p r e c i p i t a t i o n  t e c h n i q u e s  and g u a i a c o l  
enzyme a s s a y s  i n d i c a t e  t h e r e  i s  p r oba b l y  no p e r o x i d a s e  r e s e mb l i n g  t he  
o v o p e r o x i d a s e  o f  s e a  u r c h i n s  p r e s e n t  i n  pe na e o i de a n  h a t c h i n g  e nve l ope  
e l e v a t i o n .  However,  an o x i d a s e  i s  p o s s i b l y  i nv o l v e d  as  i n d i c a t e d  by 
Lhe mo r p h o l og i c a l  changes  i n  the h a t c h i n g  enve l ope  and the s t a i n i n g  
w i t h  d i h y d r o t e t r a m e t h y l r o s a m i n e .  Ot he r  o x i d a s e s ,  such as  phenol  
o x i d a s e ,  have a l s o  been s u g g e s t e d  as  p a r t  of  the  s e a  u r c h i n  
f e r t i l i z a t i o n  e nve l ope  a s sembly  sys t em,  and in t he  peneao i d  shr imp 
h a t c h i n g  e nve l ope  assembly i s  s u g g e s t e d  by c a r b o h y d r a t e  l i n k a g e s  as  
i m p l i c a t e d  by l e c t i n  b i n d i n g  a s s a y s  ( P i l l a i  and C l a r k ,  1989) .  P i l l a i  
r e p o r t s  t h a t  c a r b o h y d r a t e s  a r e  abundant  i n  t he  peneao i d  h a t c h i n g  
e nve l ope  and a phenol  o x i d a s e  d r i v e n  c r o s s - l i n k a g e  would be c o n s i s t e n t  
w i t h  the p r e s e n c e  o f  an o x i d a s e  as  s u g g e s t e d  bv t h e s e  s t u d i e s .  
I d e n t i f y i n g  the  p r e s e n c e  o f  an enzyme a c t i v e  i n  the  h a t c h i n g  e nve l ope  
a s sembly  and e l e v a t i o n  b r i n g s  us one s t e p  c l o s e r  to u n d e r s t a n d i n g  the 
mechanisms t h a t  a r e  i n v o l v e d  in  h a t c h i n g  e nve l ope  assembly and 
e l e v a t i o n .  Th i s  i s  one s t e p  c l o s e r  t o  u n d e r s t a n d i n g  the e v e n t s  
i n v o l v e d  in  egg a c t i v a t i o n  i n  pe naeo i dean  shr imp.
CHAPTER IV
EVIDENCE FOR A CHITIN-LIKE COMPONENT IN THE PENAEIDEA HATCHING
ENVELOPE
Introduction
C h i t i n ,  t e c h n i c a l l y  a homopolymer o f  N - a c e t y l g l u c o s a m i n e , can 
be found i n  s e v e r a l  forms as  d i s t i n g u i s h e d  by n u c l e a r  magne t i c  
r e s o n a n c e .  These i n c l u d e  t he  most  commonly found a form i n  a r t h r o p o d  
s k e l e t o n s  and t he  (3 form in  t he  "pen" o f  s qu i d  and t he  y form i n  t he  
p e r i s a r c  of  c o e l e n t e r a t e s  ( R i ch a r d s ,  1967) .  Anot her  form o f  c h i t i n  i s  
found w i t h i n  c e l l u l a r  s t r u c t u r e s  and has  been i d e n t i f i e d  i n  t he  f ung i  
and b a c t e r i a  a l ong  w i t h  t he  c h i t i n a s e  enzyme ( R i ch a r d s ,  1967) .  C h i t i n  
a l s o  has  been d e t e c t e d  i n  nematode eggs  (Bone and P a r i s h ,  1988) .  Most 
i n f o r m a t i o n  about  a r t h r o p o d  c h i t i n  has  been d e r i v e d  from t he  
c r u s t a c e a n s  t h a t  commonly shed t he  o u t e r  " s h e l l "  o r  e x o s k e l e t o n  t h a t  
i s  made p r i m a r i l y  o f  c h i t i n .  By common us a ge ,  t he  name " c h i t i n "  i s  
most  o f t e n  a s s o c i a t e d  w i t h  t he  e n t i r e  e x o s k e l e t o n  o f  a r t h r o p o d  
i n v e r t e b r a t e s ,  but  i s  more a c c u r a t e l y  a component  of  t h i s  e x o s k e l e t o n  
a l ong  w i t h  p r o t e i n s  and c a l c i f i e d  s a l t s .  A g l y c o p r o t e i n  w i t h  an o l i g o ­
s a c c h a r i d e  13-1-4 l i n k a g e  of  N - a c e t y l g l u c o s a m i n e ,  c h i t i n ,  as  such,  i s  
not  pur e  i n  n a t u r e ,  bu t  found l i n k e d  w i t h  p r o t e i n s ,  and i n  c o n j u n c t i o n  
w i t h  l i p i d s ,  and d i v a l e n t  i on  c o n j u g a t e s .  P r o t e i n s  l i n k e d  to t he  
c a r b o h y d r a t e  backbone d i m i n i s h  as t he  c h i t i n  l a y e r s  " t an"  o r  c r o s s ­
l i n k .  Th i s  forms l e s s  s o l u b l e ,  l e s s  p l i a b l e  s t r u c t u r e s  t h a t  i n  t u r n  
c r e a t e  a h a r d ,  i mpr e gnab l e  p r o t e c t i v e  o u t e r  c o a t  o r  " s h e l l " .  The 
amount  of  p r o t e i n  and c a r b o h y d r a t e  c r o s s - l i n k a g e s  d e t e r mi n e  the  
s o l u b i l i t y  o f  the  c h i t i n  i n  a l k a l i n e  and r e d u c i n g  s o l u t i o n s .
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Dur ing deve l opment ,  some decapods  have been t hough t  t o  undergo  a 
p r e - h a t c h i n g  mou l t ,  i mp l y i ng  t he  c o n s t r u c t i o n  o f  a c h i t i n o u s ,  e x t r a -  
embryonic  c o a t  t h a t  i s  shed b e f o r e  h a t c h i n g  (Goudeau,  1976) .  Cheung 
(1966) d i s p u t e d  e a r l i e r  s t u d i e s  by Yonge and h i s  c o - wor ke r s  t h a t  
s u g g e s t e d  t he  f e r t i l i z e d  l o b s t e r  egg was s u r r ounde d  by two c o a t s  of  
which t he  i nner mos t  c o a t  was c h i t i n o u s  (Yonge,  1955; Lloyd and Yonge, 
1940) .  R e c e n t l y ,  s t u d i e s  on copepods  have s u g g e s t e d  t he  p r e s e n c e  o f  a 
c a r b o h y d r a t e  moi e t y  whi ch  t he  a u t h o r s  c a l l e d  c h i t i n  i n  t he  
f e r t i l i z a t i o n  c oa t  o f  t h i s  c r u s t a c e a n  ( S a n t e l l a ,  1994) .
In t he  amph i b i ans ,  a g l y c o p r o t e i n  i n  t h e  f e r t i l i z a t i o n  p r oduc t  
p e n e t r a t e s  t he  f e r t i l i z a t i o n  enve l ope  t o  r e a c t  w i t h  t he  i nner mos t  
l a y e r  o f  t he  j e l l y  c o a t  (Greve and He dr i c k ,  1978; Grey,  e t  a l .1976;  
Sc hue l ,  1978,  f o r  r e v i e w ) .  Th i s  i s  r e p o r t e d  t o  r esembl e  a " l e c t i n - t y p e  
a g g l u t i n a t i o n  r e a c t i o n "  between t he  p r o t e i n  and a s p e c i f i c  
g l y c o p r o t e i n  p o r t i o n  o f  t h e  j e l l y  (Wyrick,  e t  a l . ,  1974: Sc hue l ,
1978) .  D e i t s ,  e t  a l . ,  (1984)  d e s c r i b e  t he  o v o p e r o x i da s e  o f  s e a  u r c h i n s  
as  a g l y c o p r o t e i n  t h a t  bound t o  c o n c a v a l i n  A and s t a i n e d  w i t h  P e r i o d i c  
a c i d - S c h i f f  r e a g e n t  i n  p o l y a c r y l a m i d e  g e l s ,  i n  t h i s  c h a p t e r ,  
o b s e r v a t i o n s  on h a t c h i n g  e nve l ope  as sembly  and morphology i n  r e s pons e  
t o  enzymes t h a t  deg rade  c h i t i n  and c h i t i n  s y n t h a s e  i n h i b i t o r s  a r e  
p r e s e n t e d  as  e v i d e n c e  in  s u p p o r t  o f  a c h i t i n - l i k e  s t r u c t u r e  i nvo l ve d  
i n  pe na eo i d  h a t c h i n g  e n v e l o p e  assembly  and e l e v a t i o n .
M aterials and Methods
Animals  were o b t a i n e d  from Bodega Mar ine L a bo r a t o r y  o r  from 
L o u i s i a n a  W i l d l i f e  and F i s h e r i e s  as  p r e v i o u s l y  n o t ed .  Spawning females  
were he l d  over  c o l l e c t i n g  d i s h e s  f i l l e d  w i t h  a r t i f i c i a l  s e a  w a t e r .
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C h i t i n  s y n t h a s e  i n h i b i t o r s ,  t un i c a myc i n ,  nikkomycin  Z, and p o l y o x i n  D 
(Calbiochem 654380,  481995,  529313,  r e s p e c t i v e l y )  were added t o  t he  
eggs i n  t he  spawning media  a t  10 min pos t spawn t o  g i ve  a f i n a l  
c o n c e n t r a t i o n  of  1 pM. These  i n h i b i t o r s  b l ock  c h i t i n  s y n t h e s i s  i n  
f u n g i .  In s e p a r a t e  e x p e r i m e n t s ,  c h i t i n a s e  r e l a t e d  enzymes,  c h i t i n a s e  
and N - a c e t y l g l u c o s a m i n i d a s e , were added a t  10 min pos t spawn to  a t t e m p t  
t o  deg rade  t h e  h a t c h i n g  e nve l ope  as  i t  formed form t he  e x t e r i o r  o f  t he  
e n v e l o p e .  Samples were  removed f o r  m i c r o s c o p i c  e x a mi na t i o n  and f o r  
e nve l ope  i s o l a t i o n  as  d e s c r i b e d  p r e v i o u s l y .
C h i t i n  f o r ma t i o n  i s  r e p o r t e d  dependent  on i on  c o n c e n t r a t i o n  and 
c omp o s i t i on  (Warner ,  1977;  S t e vens on ,  1985) ,  t h e r e f o r e ,  i on  d e f i c i e n t  
s e a  w a t e r  was used t o  r e p l a c e  t he  a r t i f i c i a l  s e a  wa t e r  i n  t he  spawning 
d i s h  t o  d e t e r mi n e  t h e  e f f e c t s  t he  p r e s e n c e  o r  absence  of  t h e s e  i ons  on 
e nve l ope  e l e v a t i o n  and a s sembl y .  Sea w a t e r s  d e f i c i e n t  i n  c a l c i um i o n s ,  
magnesium i o n s ,  and bot h  c a l c i um and magnesium i ons  were used .
C h e l a t o r  c o n c e n t r a t i o n s  o f  5mM f o r  EDTA ( f o r  c a l c i um and magnesium) 
and 2 mM f o r  EGTA ( c a l c i um)  were added t o  t he  media t o  bind any 
e x t r a n e o u s  c a l c i um and magnesium i ons  p r e s e n t  i n  "ca l c ium/magnes ium 
f r e e "  media .  Eggs were spawned i n t o  a r t i f i c i a l  s e a  wa t e r  (Cavanaugh,  
1956) .  At 10 min pos t s pa wn i ng ,  t he  wa t e r  was changed t h r e e  t imes  w i t h  
ion d e f i c i e n t  s e a  w a t e r .
I s o l a t e d  normal  e n v e l o p e s  were b o i l e d  i n  c o n c e n t r a t e d  base  to 
t e s t  f o r  c h i t i n  which i s  i n s o l u b l e  i n  a l l  s o l v e n t s  e xc ep t  c o n c e n t r a t e d  
m i n e r a l  a c i d s  ( S t e ve ns on ,  1985,  f o r  r e v i e w ) .  I s o l a t e d  e nve l ope s  were 
p l a c e d  i n  a t e s t  t ube i n  30% (w:v) sodium hyd r ox i de  o r  30% po t a s s i um
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hyd r ox i de  and p l a c e d  i n  b o i l i n g  w a t e r  f o r  30 min.  The r e s i d u a l  was 
pho t ogr aphed  on a Nikon O p t i p h o t  mi c r o s c ope .
I s o l a t e d  e n v e l o p e s  were t r e a t e d  w i t h  c h i t i n a s e ,  N- 
a c e t y l g l u c o s a m i n i d a s e  o r  a c omb i na t i on  of  t h e  two enzymes t o g e t h e r  f o r  
30 min a t  room t e m p e r a t u r e .  T r y p s i n  i n h i b i t o r  ( lmg/ml)  ( soybean 
t r y p s i n  i n h i b i t o r ,  Sigma T- 9128) ,  a p r o t e a s e  i n h i b i t o r  AEBFS ( 0 . 2  mM) 
(Calbiochem 101500) ,  o r  p e p t i d a s e  i n h i b i t o r ,  benzamidi ne  (5 mM) (Sigma 
B-6506) ,  were added t o  c o n t r o l  f o r  t he  a c t i o n  o f  any p r o t e a s e - t y p e  
c o n t a m i n a t i o n  p r e s e n t  i n  c h i t i n a s e .  The t r e a t e d  s o l u t i o n s  were t hen  
b o i l e d  f o r  5 min w i t h  an e qua l  volume o f  sample b u f f e r  and 
e l e c t r o p h o r e s e d  on 4-20% pr ef or med  g e l s  (Bio-Rad)  w i t h  an SDS runn i ng  
b u f f e r .  Gel s  were s t a i n e d  w i t h  Coomassie b l u e  and s i l v e r  s t a i n  (Wray, 
1981) or  u s i n g  t h e  Bio-Rad p r o t o c o l  i n  t he  Bio-Rad s i l v e r  s t a i n  k i t .
H i s t o l o g i c a l  s t a i n s  were pe r formed on 1 pm t h i c k  s e c t i o n s  
embedded i n  JB-4 r e s i n .  A l c i a n  b l ue  s t a i n i n g  (pH 2 . 5 )  f o r  c a r b o x y l  and 
(pH 1.0)  f o r  s u l p h a t e - e s t e r  groups  ( m u c o s u b s t a n c e s ) and p e r i o d i c  
S c h i f f  s t a i n i n g  f o r  n e u t r a l  hexose  s u g a r s  and s i a l i c  a c i d s  f o l l owed  
methods as  o u t l i n e d  i n  Ki e rnan  (1990) .  G i e r ’s d i f f e r e n t i a l  s t a i n  and a 
mod i f i e d  Gomor i ' s  s t a i n  f o r  c r u s t a c e a n  t i s s u e  f o l l owe d  t he  methods of  
Cl a rk  (1981) .  L e c t i n  b i n d i n g  a s s a y s  were  on s e c t i o n s  t h a t  had been 
p r e t r e a t e d  w i t h  0.1% sodium b o r o h y d r i d e  t o  b l ock  any n o n - s p e c i f i c  
i n t e r f e r e n c e  by t he  a l de hyde  groups  used  i n  f i x a t i o n  ( Ki e r na n ,  1990) ,  
t hen  b l ocked  f o r  n o n - s p e c i f i c  p r o t e i n  b i n d i n g  u s i n g  bovine  serum 
albumin ( lmg/ml)  i n  0 . 1  M phos pha t e  b u f f e r ,  pH 7 . 2 .  L e c t i n s  were used 
a t  10 pg l e c t i n /  mi p hos pha t e  b u f f e r e d  s a l i n e .  Conc a va l i n  A (Con A),  
f o r  mannose and g l u c o s e ,  wheat  germ a g g l u t i n  (WGA), f o r  N-
a c e t y l g l u c o s a m i n e  and s i a l i c  a c i d ,  l e n s  c u l i n a r i s  (LCA), f o r  mannose,  
and b a n d e i r e a  s i m p l i c i f o l i a  ( B S - I I ) ,  f o r  N - a c e t y l g l u c o s a m i n e ,  were 
a p p l i e d  i n  a 0 . 1  M phos pha t e  b u f f e r ,  pH 7 . 2 ,  w i t h  t r a c e  m e t a l s  added 
a c c o r d i n g  t o  Ki e r na n  (1990) .  C o n t r o l  samples  were 200 mM s o l u t i o n s  of  
t he  a p p r o p r i a t e  s u g a r s  (mannose,  N - a c e t y l g l u c o s a m i n e ,  and g l u c o s e )  
p r e i n c u b a t e d  w i t h  t he  l e c t i n  f o r  10 min p r i o r  t o  a p p l i c a t i o n  t o  t he  
s e c t i o n .  S e c t i o n s  were i n c u b a t e d  i n  t he  p r e s e n c e  o f  t he  l e c t i n  f o r  1 
hour ,  t h e n  r i n s e d  t h r e e  t i mes  i n  t h e  p hos pha t e  b u f f e r  and mounted.  
F l u o r e s c e n c e  was pho t ogr a phe d  on a Nikon Microphot  mi c r osc ope  w i t h  T- 
MAX 400.
R esults
C o n t r o l  spawns a r e  obs e r ve d  i n  a r t i f i c i a l  s e a  w a t e r  f o r  each  
t r i a l .  For  v i s u a l  c o n v e n i e n c e ,  a r e p r e s e n t a t i v e  spawn i s  chosen  f o r  
f u r t h e r  s t u d y .  A normal ,  b i r e f r i n g e n t  h a t c h i n g  e nve l ope  i s  formed 
a round t he  egg as  shown i n  F i g u r e  I V - l a ,  IV-5a and IV-9a.  In t he  
t r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h s ,  t he  egg has  become e c c e n t r i c  w i t h i n  
t he  h a t c h i n g  e nve l ope  ( F i g u r e  I V- l b ,  IV-5b and I V - 9 b ) .
L i gh t  mic r oscopy  o b s e r v a t i o n s  o f  eggs  t r e a t e d  w i t h  c h i t i n  
s y n t h a s e  i n h i b i t o r s  have v a r i e d  r e s u l t s .  In some e x p e r i m e n t s ,  eggs 
t r e a t e d  w i t h  t un i c a myc i n  e l e v a t e d  e n v e l o p e s  t h a t  appe a r e d  to  be 
normal ,  wh i l e  i n  o t h e r  e x p e r i me n t s  t he  h a t c h i n g  e nve l ope s  were not  
v i s i b l e  w i t h  l i g h t  mic r oscopy  ( F i g u r e  I V - 2 a ) . Tunicamycin  i s  an 
a n t i b i o t i c  t h a t  b l ocks  t he  f o r m a t i o n  o f  p r o t e i n  c a r b o h y d r a t e  l i n k a g e s  
o f  t he  N - g l y c o s i d i c  t ype by i n h i b i t i n g  t he  t r a n s f e r  o f  N- 
a c e t y l g l u c o s a m i n e - 1 - p h o s p h a t e  from UDP- N- ace t y l g l ucosami ne .  Eggs
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F i g u r e s  TV-1 to IV-4.  S ic y o n ia  i n g e n t i s  eggs  spawned i n t o  a r t i f i c i a l  
s e a  wa t e r  as  compared to eggs i n  c h i t i n  i n h i b i t o r s .
F i g u r e  IV-1.  l a )  S.  i n g e n t i s  eggs  spawned i n t o  a r t i f i c i a l  sea  wa t e r  a t  
90 min pos t spawn e l e v a t e  a b i r e f r i n g e n t  h a t c h i n g  enve l ope  (HE) w i t h  a 
d i s t i n c t  p e r i v i t e l l i n e  s pa ce  ( * ) .  Bar e q u a l s  100 pm. lb)  T r a n s m i s s i o n  
e l e c t r o n  mi c r og r a phs  show a t h i c k  h a t c h i n g  e nve l ope  and a c o r t e x  wi t h  
dense  v e s i c l e s  ( a r r o wh e a d ) ,  open v e s i c l e s  ( t h i n  ar row)  and packed r i n g  
v e s i c l e s  ( t h i c k  a r r o w) .
F i gu r e  IV-2.  2a) Eggs spawned i n t o  t un i camyc i n  e l e v a t e d  enve l ope s  t h a t  
r emained c l o s e  to the  oolemma wi t h  the p e r i v i t e l l i n e  space  n e a r l y  
i n d i s t i n g u i s h a b l e .  2b) In  t r a n s m i s s i o n  e l e c t r o n  mi c r o g r a p h s ,  the 
e nve l ope  appear ed  to c o n s i s t  o f  two l a y e r s .  The c o r t e x  was not  as  we l l  
o r g a n i z e d  as  in t he  c o n t r o l  e ggs .  The open r i n g  v e s i c l e s  ( t h i n  ar row)  
were s m a l l e r  than the c o n t r o l  and the dense  v e s i c l e s  ( a r rowhead)  were 
not  as  abundan t .
F i gu r e  IV-3.  3a) In p o l y o x i n  D, the  eggs showed normal a p p e a r i n g  
h a t c h i n g  enve l ope s  (HE) when obs e rved  by phase  mic r oscopy  wi t h  a 
d e f i n e d  p e r i v i t e l l i n e  spa ce  ( * ) .  3b) In t r a n s m i s s i o n  m i c r o g r a p h s ,  the 
e nve l ope  has  open s pa ce s  not  s een  in  the c o n t r o l  e n v e l o p e s .  In the 
c o r t e x ,  l a r g e  yo l k  g r a n u l e s  domina te  the c y t o p l a s m.  Packed r i n g  
v e s i c l e s  were seen  i n  between the yo l k  (b road  a r r owhe a d ) .
F i gu r e  IV-4.  4a) Eggs spawned i n t o  Nikkomvcin Z d i d  not  show d e f i n i t e  
e nve l ope s  a l t h o u g h  the c o r t e x  o f  the egg a p p e a r s  r e f r a e t i l e .  4b) In 
t r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h s ,  the  eggs a ppe a r  to have l o s t  the  
h a t c h i n g  e n v e l o p e s .  Dense v e s i c l e s  ( ar rowhead)  and open r i n g  v e s i c l e s  
( t h i n  a r row)  were p r e s e n t  i n  t he  c o r t e x  as  we l l  as  t he  packed r i n g  
v e s i c l e s  ( t h i c k  a r r o w ) .  N o t i c e  t h a t  the c o r t e x  a p p e a r s  s i m i l a r  t o  the  
c o r t e x  a t  30-45 min j u s t  b e f o r e  HE e l e v a t i o n .

Lrea t ed  wi t h  t un i c a myc i n  e l e v a t e d  h a t c h i n g  e n v e l o p e s  d u r i n g  two out  of  
t h r e e  t r i a l s  ( F i g u r e  IV-2a)  buL the eggs  d i d  not  de v e l o p .  Pol yox in  D 
i s  a s p e c i f i c  i n h i b i t o r  of  fungal  c h i t i n  s y n t h a s e .  Po l yox i n  D t r e a t e d  
eggs  had e n v e l o p e s  t h a t  appe a r e d  normal  w i t h  l i g h t  mic r oscopy  ( F i gu r e
I V - 3 a ) . In e l e c t r o n  m i c r o g r a p h s ,  the  p o l y o x i n  D t r e a t e d  enve l ope s  were 
e l e v a t e d  but  had l a r g e  h o l e s  not  s een  in  the  l e s s  e l e c t r o n  dense  l a y e r  
i n  c o n t r o l  e n v e l o p e s  ( F i g u r e  TV-3b).  Eggs t r e a t e d  w i t h  nikkomycin Z, a 
c o m p e t i t i v e  i n h i b i t o r  o f  c h i t i n  s y n t h a s e ,  appe a r e d  to have h a t c h i n g  
e n v e l o p e s  t h a t  were c l o s e  to the  egg s u r f a c e  ( F i g u r e  I Y - 4 a ) . However,  
in the  e l e c t r o n  mi c r o g r a p h s ,  no enve l ope  was obs e r ve d  a l t h o u g h  a 
j e l l y - l i k e  l a y e r  was s t i l l  p r e s e n t  ( F i g u r e  I V - 4 b ) ,
S ic yon ia  i n g e n t l s  eggs  t h a t  had been t r e a t e d  wi t h  the 
c a r b o h y d r a t e  d e g r a d a t i o n  enzymes,  c h i t i n a s e  and M-
a c e t y l g l u c o s a m i n i d a s e , were obs e r ve d  by l i g h t  and e l e c t r o n  mic r oscopy .  
C h i t i n a s e  t r e a t e d  eggs e l e v a t e d  e nve l ope s  t h a t  a ppear ed  normal ,  
however ,  t h e r e  was o c c a s i o n a l  p a r t i a l  c o l l a p s e  of  the  enve lope  ( F i g u r e
IV-6a)  compared w i t h  the c o n t r o l  ( F i g u r e  I V- 5a ) .  With e l e c t r o n  
mic r oscopy ,  the  e nv e l o p e s  in c h i t i n a s e  a ppear ed  s i m i l a r  to c o n t r o l  
e nv e l o p e s  ( F i g u r e  IV-6b compared to F i g u r e  I Y- 5b) ,  a l t h o u g h  the open 
r i n g  v e s i c l e s  d e s c r i b e d  in  Cha p t e r  I appear ed  more pronounced than in  
t he  c o n t r o l  egg.  N - a c e t y l g l u c o s a m i n l d a s e  t r e a t e d  eggs  d i d  not  have a 
h a t c h i n g  enve l ope  in t h r e e  out  of  t h r e e  t r i a l s  ( F i g u r e  I V - 7 a ) . In 
mi c r ogr a phs  of  t h i n  s e c t i o n s ,  a t h i n ,  g r a n u l a r  l ay e r  of  m a t e r i a l  was 
on the  e x t e r i o r  of  t he  egg membrane in the p o s i t i o n  where the h a t c h i n g  
e nve l ope  would be e x p e c t e d .  The open r i n g  v e s i c l e s  in the cy top l asm
F i g u r e s  IV-5 to  IV-8.  5.  i n g e n t i s  eggs spawned i n t o  normal  s e a  wa t e r  
as  compared to eggs i n  c h i t i n  d e g r a d a t i o n  enzymes a t  90 min pos t spawn.
F i g u r e  IV-5.  5a) S. i n g e n t l s  eggs spawned i n t o  a r t i f i c i a l  s ea  wa t e r  a t  
90 min pos t spawn e l e v a t e  a b i r e f r i n g e n l  h a t c h i n g  e nve l ope  (HE) wi t h  a 
d i s t i n c t  p e r i v i t e l l i n e  s pa ce  ( * ) .  Bar e q u a l s  100 pm. 5b) T r a n s m i s s i on  
e l e c t r o n  mi c r og r a phs  show a t h i c k  h a t c h i n g  enve l ope  and a c o r t e x  wi t h  
dense  v e s i c l e s  ( a r r o wh e a d ) ,  open v e s i c l e s  ( t h i c k  ar row)  and r i n g  
v e s i c l e s  ( t h i n  a r r o w) .  Bar  e q u a l s  1 pm.
F i g u r e  IV-6.  6a) Phase  mi c r og r a phs  o f  eggs  t r e a t e d  wi t h  c h i t i n a s e  
d e m o n s t r a t e  the  f r a g i l i t y  o f  the  h a t c h i n g  e nve l ope  which c o l l a p s e d .
6b) The h a t c h i n g  e nve l ope  a p p e a r s  s i m i l a r  to the c o n t r o l  HE, a l t h o u g h  
p o s s i b l y  t h i n n e r .  In t he  c o r t e x ,  dense  v e s i c l e s  ( a r rowhead)  a r e  more 
abundant  t han  in  the c o n t r o l  egg c o r t e x .  The l a r g e  r i n g  v e s i c l e s  a r e  
not  v i s i b l e .
F i gu r e  IV-7.  7a) In N - a c e t y l g l u c o s a m i n i d a s e ,  t he  egg c o r t e x  becomes 
ve r y  r e t r a c t i l e  and no h a t c h i n g  e nve l ope  i s  v i s i b l e .  7b) In 
t r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h s ,  on l y  a t h i n  g r a n u l a r  l a y e r  i s  seen 
on t he  o u t s i d e  of  t he  egg.  The open r i n g  v e s i c l e s  a r e  not  we l l  
d e f i n e d .  The dense  v e s i c l e s  a r e  s t i l l  v i s i b l e .
F i g u r e  IV-8.  8a) In c h i t i n a s e  and N - a c e t y l g l u c o s a m i n i d a s e ,  no h a t c h i n g  
enve l ope  i s  seen  to e l e v a t e .  The egg c o r t e x  i s  ve r y  r e t r a c t i l e .  The 
eggs  l y se d  q u i c k l y  in t he  l i g h t  from the mi c r o s c ope .  8b) Large 
v e s i c l e s  a r e  v i s i b l e  o u t s i d e  the oolemma. No h a t c h i n g  enve l ope  i s  




had t h i n  v e s i c u l a r  w a l l s  when compared to the  c o n t r o l  ( F i g u r e  IV-7b 
compared to F i g u r e  I V - 5 b ) . When both  N - a c e t y l g l u c o s a m i n i d a s e  and 
c h i t i n a s e  a r e  added to t he  spawning media ,  h a t c h i n g  e nve l ope  e l e v a t i o n  
was not  s een  wi t h  l i g h t  mic r oscopy  ( F i g u r e  8a)  and the c o r t e x  a ppear ed  
r e t r a c t i l e .  Enve l opes  i n  media  w i t h  bo t h  enzymes d i d  not  a ppe a r  t o  
form n o r ma l l y  ( F i g u r e  IV~8b) a l t h o u g h  the dense  v e s i c l e s  and open r i ng  
v e s i c l e s  were both  p r e s e n t .  The c y t op l a s m resembled the 30 min 
pos t spawn egg c o r t e x .  Eggs in \ - a c e t y l g l ucosamin i . dase  and both  X- 
a c e t y l g l u c o s a m i n i d a s e  and c h i t i n a s e  were ve r y  f r a g i l e ,  b r e a k i n g  e a s i l y  
when p i p e t t e d  or  s w i r l e d  v i g o r o u s l y  in t he  d i s h .
E l e v a t i o n  o f  e n v e l o p e s  in a r t i f i c i a l  s e a  wa t e r  t h a t  had been 
changed t h r e e  t imes  wi t h  c a l c i um d e f i c i e n t  s e a  wa t e r  a ppe a r e d  normal 
i n  phase  mi c r og r a phs  ( F i g u r e  IV-9a and I V- l Oa ) .  The s e a  wa t e r  was 
a d j u s t e d  wi t h  sodium and p o t a s s i u m s a l t s  to c o u n t e r  o s m o l a r i t y  
p r ob l ems .  In e l e c t r o n  m i c r o g r a p h s ,  eggs in c a l c i um d e f i c i e n t  s ea  wa t e r  
had h a t c h i n g  e n v e l o p e s  ( F i g u r e  IV-1.0b),  but  t he  e n v e l o p e s  c o l l a p s e d  
w i t h  f i x a t i o n .  The egg plasmalemma was more d i f f i c u . l L  to d i s c e r n  than 
the e nve l ope  and plasmalemma in the c o n t r o l  ( F i g u r e  IV- 9b) .  Dense 
v e s i c l e s  were abundant  i n  the cy t op l a s m and l a r ge  yo l k  g r a n u l e s  cou ld  
be s een  ne a r  the  p e r i p h e r y  of  the  egg.  The packed r i n g  v e s i c l e s  
appe a r e d  t o  s t i l l  be p r e s e n t .  The open r i n g  v e s i c l e s  were not  v i s i b l e .  
E l e v a t i o n  o f  e n v e l o p e s  i n  magnesium d e f i c i e n t  s ea  w a t e r  a l s o  appeared  
r e l a t i v e l y  normal  ( F i g u r e  I V - l l a ) .  Mi c r ographs  of  eggs in magnesium 
d e f i c i e n t  s e a  wa t e r  showed e nve l ope s  t h a t  were c l o s e l y  apposed to the 
s u r f a c e  s u g g e s t i n g  c o l l a p s e ,  p e r h a p s ,  d u r i n g  f i x a t i o n  ( F i g u r e  I V - l i b ) .  
The c y t op l a s m c o n t i n u e d  to show t a r g e  v e s i c l e s  t h a t  were not seen in
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F i g u r e s  IV-9 t o  I V- 12. S.  i n g e n t i s  eggs  spawned i n t o  a r t i f i c i a l  s ea  
w a t e r  as  compared to eggs  i n  i on d e f i c i e n t  s e a  w a t e r .
F i g u r e  IV-9.  9a)  S. i n g e n t i s  eggs spawned i n t o  a r t i f i c i a l  s e a  w a t e r  a t  
90 min pos t spawn e l e v a t e  a b i r e f r i n g e n t  h a t c h i n g  enve l ope  (HE) w i t h  a 
d i s t i n c t  p e r i v i t e l  1ine  s pa c e  ( * ) .  Bar e q u a l s  100 pm. 9b) Tr a n s mi s s i o n  
e l e c t r o n  mi c r og r a phs  show a t h i c k  h a t c h i n g  enve l ope  and a c o r t e x  wi t h  
dense  v e s i c l e s  ( a r r o wh e a d ) ,  open v e s i c l e s  ( t h i c k  ar row)  and r i n g  
v e s i c l e s  ( t h i n  a r r o w) .
F i gu r e  IV-10 .  1.0a) In c a l c i um f r e e  s e a  wa t e r  t he  h a t c h i n g  e nve l ope  
(HE) a p p e a r s  normal .  10b) In the  t r a n s m i s s i o n  e l e c t r o n  m i c r o g r a p h s ,  
t he  c o r t e x  has l a r g e  yo l k  g r a n u l e s  crowding the  c o r t e x .  Dense v e s i c l e s  
( a r rowhead)  a r e  more abundant  than in  the  c o n t r o l .  Open r i n g  v e s i c l e s  
a r e  not  s e e n ,  and packed r i n g  v e s i c l e s  ( t h i c k  ar row)  a r e  s t i l l  in the 
c o r t e x .  The He has  c o l l a p s e d  to the oolemma.
F i g u r e  IV-11.  11a) A normal  a p p e a r i n g  h a t c h i n g  e nve l ope  can be s e en  in 
magnesium d e f i c i e n t  s ea  w a t e r  but  the p e r i v i t e l l i n e  s pace  has  abnormal  
amounts o f  dense  g r a n u l a r  m a t e r i a l ,  l i b )  The open r i n g  v e s i c l e s  ( t h i n  
a r rows)  and dense  v e s i c l e s  ( a r r owheads )  a r e  s t i l l  v i s i b l e .  The
h a t c h i n g  e nve l ope  has  many h o l e s  i n  t he  s t r u c t u r e  compared to t he
c o n t r o l  and has  c o l l a p s e d .  The p e r i v i t e l l i n e  space  a p p e a r s  f i l l e d  w i t h  
v e s i c l e s .
F i gu r e  I V - 12. 12a) In c a l c i u m and magnesium f r e e  s e a  w a t e r ,  h a t c h i n g  
e n v e l o p e s  were not  s een  and t he  eggs e a s i l y  l ys e d  on the s l i d e s .  12b)
Enve l opes  in c a l c i u m and magnesium f r e e  s e a  w a t e r  a ppe a r e d  to be a
t h i n  l i n e  on t h e  e x t e r i o r  o f  the  oolemma, r e m i n i s c e n t  o f  enve l ope  
p r e c u r s o r s .  Most o f  the v e s i c l e s  components  o f  the c o r t e x  were seen  
(ar rowhead f o r  dense  v e s i c l e s  and t h i c k  ar row for  open v e s i c l e s )  but  
t he  r i n g  v e s i c l e s  were not  r e a d i l y  a p p a r e n t .





in normal  eggs .  In c a l c i u m and magnesium d e f i c i e n t  s e a  w a t e r  no 
h a t c h i n g  e nve l ope s  were obs e r ve d  w i t h  l i g h t  mic r oscopy  ( F i g u r e  IV-12a) 
and the  eggs  were ve r y  f r a g i l e  o f t e n  b r e a k i n g  w i t h  h a n d l i n g  for  
f i x a t i o n .  A ve r y  t h i n  h a t c h i n g  e nve l ope  was v i s i b l e  i n  e l e c t r o n  
mi c r og r a phs  ( F i g u r e  I V- 12b).  C o r t i c a l  v e s i c l e s  s i m i l a r  t o  t hose  i n  the  
c o n t r o l  sample were v i s i b l e ,  but  the number o f  m i t o c h o n d r i a  and the 
l a r g e  yo l k  g r a n u l e s  were not  as  abundant  as  i n  the  c o n t r o l .  P . i l l a i  and 
Cl a r k  (1987) r e p o r t  t h a t  magnesium i s  r e q u i r e d  f o r  h a t c h i n g  e nve l ope  
e l e v a t i o n  when the egg i s  f e r t i l i z e d ,  and bot h  magnesium and ca l c i um 
a r e  r e q u i r e d  f o r  h a t c h i n g  enve l ope  e l e v a t i o n  when the  egg i s  not  
f e r t i l i z e d .  Th i s  s t udy  d i d  not  c o n s i d e r  f e r t i l i z a t i o n ,  but  in 
r e c o g n i t i o n  o f  t he  ion dependency of  the  e a r l y  a c t i v a t i o n  e v e n t s  in 
the  f i r s t  .15 min pos t spawn (Lindsay  and C l a r k ,  p e r s o n a l  
communi ca t i on ) ,  the  media  was not  changed u n t i l  a f t e r  10 min 
pos t spawn.
Enve l opes  were i s o l a t e d  from eggs  a t  75 or  90 min 
pos t spawn as  d e s c r i b e d  e a r l i e r  ( F i g u r e  IV-13a)  ( s e e  Cha p t e r  i l l ) .  
I s o l a t e d  e nve l ope s  were b o i l e d  f o r  30 min in s t r o n g  a l k a l i n e  s o i u L i o n .  
Those b o i l e d  i n  KOH had l a r g e  e nve l ope  p i e c e s  t h a t  a ppear ed  to be 
r o l l e d  on t hems e l ve s  ( F i g u r e  IV-13b) .  Enve l opes  b o i l e d  i n  NaOH were i n  
s l i g h t l y  s m a l l e r  p i e c e s ,  but  t h i s  cou ld  be an a r t i f a c t  o f  the 
i s o l a t i o n  p r o c e s s .
I s o l a t e d  e n v e l o p e s  were a l s o  t r e a t e d  w i t h  the c a r b o h y d r a t e  
enzyme c h i t i n a s e .  The e n v e l o p e s  t r e a t e d  w i t h  c h i t i n a s e  f o r  30 min or  
more showed a change in  t he  p r o t e i n  band a r r angemen t  as  de t e r mi ne d  by 
SDS-PAGE. The h i g h e r  m o l e c u l a r  we ight  bands were no l onge r  v i s i b l e  and
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F i g u r e s  I V- .13 and I V- 14. I s o l a t e d  e n v e l o p e s  from S. i n g e n t i s  were 
s u b j e c t e d  to d i g e s t i o n  by s t r o n g  a l k a l i  s o l u t i o n s  or  to ge l  
e l e c t r o p h o r e s i s .
F i g u r e  IV-13.  13a) I s o l a t e d  h a t c h i n g  e nv e l o p e s  (HE) from c o n t r o l  eggs 
a ppe a r  r o b u s t  when viewed wi t h  phase  mic r o s c opy .  13b) I s o l a t e d  
e n v e l o p e s  from S. I n g e n t i s  were b o i l e d  f o r  30 min in  30% po t a s s i um 
h y d r o x i d e .  When viewed w i t h  phase mic r o s c opy ,  t he  e nve l ope s  ma i n t a i n e d  
a r e c o g n i z a b l e  s t r u c t u r e  a l t h o u g h  the  p i e c e s  a ppe a r  to r o l l  on 
t h e m s e l v e s .
F i g u r e  IV-14.  14a) PAGE of  i s o l a t e d  e n v e l o p e s  d i g e s t e d  w i t h  c h i t i n a s e ,  
t hen run on 4-20% p o l y a c r y l a m i d e  g e l .  Lane 1, HE p l us  c h i t i n a s e ,  0 min 
i n c u b a t i o n .  Lane 2,  HE p l u s  c h i t i n a s e ,  30 min i n c u b a t i o n .  Lane 3, 
m o l e c u l a r  we i ght  s t a n d a r d .  14b) PAGE of  i s o l a t e d  e n v e l o p e s  d i g e s t e d  
w i t h  c h i t i n a s e  i n  t he  p r e s e n c e  of  benzamid i ne  f o r  30 min.  Lane 1, HE 
p l us  c h i t i n a s e  p l u s  benzami d i ne .  Lane 2,  HE p l u s  c h i t i n a s e .  Lane 3,  HE 




t h e r e  was an I n c r e a s e  i n  the lower  m o l e c u l a r  we i gh t  bands .  P r o t e a s e  
d i g e s t i o n  g i ve  s i m i l a r  r e s u l t s ,  and t h e r e f o r e ,  p e p t i d a s e  o r  p r o t e a s e  
i n h i b i t o r s  were added to t he  i s o l a t i o n  media  and the ge l  p r e p a r a t i o n  
media ( F i g u r e  IV-14) .  In  t he  p r es e n c e  o f  soybean  t r y p s i n  i n h i b i t o r ,  
benzami d i ne ,  and AEBSF, c h i t i n a s e  d i g e s t e d  e nv e l o p e s  s L i l l  had fewer  
bands t ha n  t he  c o n t r o l  h a t c h i n g  enve l ope  p r e p a r a t i o n .
Eggs from 90 min pos t spawn in the m e t h a c r y l a t e  r e s i n ,  JB-4,  were 
t r e a t e d  w i t h  a s e r i e s  o f  h i s t o l o g i c a l  s t a i n s  f o r  c h i t i n .  A summary of  
the  r e s u l t s  i s  found in  Ta b l e  IV-1.  The h a t c h i n g  e nve l ope  and j e l l y  
l a y e r  s t a i n e d  p o s i t i v e  f o r  p e r i o d i c  a c i d - S c h i f f  (PAS) s u g g e s t i n g  the 
p r e s e n c e  of  he.xoses a n d / o r  s i a l i c  a c i d  c o n t a i n i n g  mucosubs t ances  such 
as  g l yc oge n ,  mucin o r  g l u c o s e  wi t h  a l c o h o l s  on a d j a c e n t  c a r b o n s .
A l c i a n  b l ue  s t a i n e d  n e g a t i v e  a t  pH 1.0 and pH 2 . 5 ,  s u g g e s t i n g  no 
m u c o p o l y s a c c h a r i d e s  o r  no p r e s e nc e  of  s u l p h a t e  e s t e r  or  c a r bony l  and 
s u l p h a t e  e s t e r  g r oups .  A mod i f i e d  Gomor i ' s  s t a i n  nor ma l l y  used for  
" c r u s t a c e a n  t i s s u e "  embedded in p a r a f f i n ,  showed s p o t t y  s t a i n i n g  of  
b l u e - p u r p l i s h  c o l o r  i n  t he  h a t c h i n g  enve l ope  w i t h  t r a c e s  o f  b l ue  a t  
the  edge of  the  oolemma. G i e r ' s  d i f f e r e n t i a l  s t a i n  f o r  c h i t i n o i d  
m a t e r i a l  s t a i n e d  the e n t i r e  egg dark  b l u e ,  however ,  the h a t c h i n g  
e nve l ope  was s t a i n e d  v e r y  l i g h t l y  i n  a g r e e n i s h  c o l o r  t h a t  cou ld  
p o s s i b l y  r e p r e s e n t  c h i t i n o u s  m a t e r i a l .  The b l ue  s t a i n  of  the  r e s t  o f  
t he  egg overpowered t he  s e n s i t i v i t y  of  the  h a t c h i n g  enve l ope  s t a i n i n g  
making the r e s u l t s  ambiguous .
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Tab l e  IV-1.  H i s t o l o g i c a l  S t a i n i n g  o f  t he  Eggs and Envelope  o f  S. 
Ingen t i s .
STAIN RESULTS
P e r i o d i c  Acid S c h i f f p o s i t i v e  i n  HE
A l c i a n  B l u e , pH 1.0 n e g a t i v e
A l d a n  Bl ue ,  pH 2 . 5 n e g a t i v e
Gomor i ' s  ( mod i f i e d ) b l u e  i n  oolemma, b l ue  .in HE; s u g g e s t s  
e n d o c u t i c l e
C a l c o f l u o r  Whi te n e g a t i v e
s t a i n s  c h i t i n  and c e l l u l o s e
G i e r ’ s HE l i g h t  b l u e / g r e e n ,  e v e r y t h i n g  e l s e  
s t a i n s  b l ue ;  s u g g e s t s  chi  Vinous 
m a t e r i a l
S e c t i o n s  w i t h  eggs  embedded in JB-4 b l oc k s  were a l s o  i n c u b a t e d  
w i t h  t he  l e c t i n s  Conc a va l i n  A (Con A),  wheat  germ a g g l u t l n  (U'GA) and 
l e n s  c u l i n a r i s  a g g l u t i n  (LCA) to de t e r mi ne  t he  p r e s e nc e  of  s p e c i f i c  
c a r b o h y d r a t e s  such as  mannose,  g l u c o s e  and X - a c e t y l g l u c o s a m i n e . These 
s u g a r s  may a l l  be a s s o c i a t e d  w i t h  a c h i t i n - t y p e  s u b s t a n c e .  S e c t i o n s  
w i t h  eggs  embedded in LR Whi te were a l s o  i n c u b a t e d  w i t h  BS-I I  
( b a n d e i r e a a  s i mp l . i c i f o l . i a )  and WGA. Tabl e  TV-2 summarizes  t hes e  
r e s u l t s  from t h i s  s t u d y  i n d i c a t i n g  t h a t  mannose and g l u c o s e  a r e  
p r oba b l y  the c a r b o h y d r a t e s  most  abundant  in t h e  h a t c h i n g  e nve l ope  a t  
n i n e t y  min pos t spawn.
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Tab l e  IV-2.  L e c t i n  Bi nd i ng  i n  Eggs from S. i n g e n t i s .
LECTIN/ Plas t i c  SUGAR REACTION
BS- I I
/  LR Whi te
D-N- Ac e t y l  
g l ucosami ne
n e g a t i v e
Con- A/ LR Whi te ,  
JB-4
D-mannose
D- g l ucos e
D-N-
a c e t y l g l u c o s a m i n e
+++ i n s i d e  HE 
( p a r t i c u l a t e )  
+++ o u t s i d e  HE
Con-A w i t h  
mannose b l o c k /  
JB-4
D- g l ucos e ;  D-N- 
a c e t y l g l u c o s a m i n e
+ o u t s i d e  edge of  HE
Con-A wi t h  
g l u c o s e  b l o c k /  
JB-4
D-mannose + i n s i d e  HE; v e r y  p u n c t a t e  
s t a i n i n g
WGA/ JB-4 ,  LR 
Whi te
N-
a c e t y l g l u c o s a m i n e
- ( ve r y  g e n e r a l  o v e r a l l  
s t a i n i n g ,  p r oba b l y  
a u t o f l u o r e s e n c e ) ; + w/ LR 
Whi te ( l i g h t )  no b l o c k e r s  
f o r  a u t o f l u o r e s c e n c e
LCA/ JB-4 D-mannose + p u n c t a t e  s t a i n i n g  i n s i d e  
HE
P i l l a i  r e p o r t s  t h a t  LCA and WGA l a b e l l e d  t he  e nve l oped  45 min
pos t spawn.  Con A bound t o  i n t a c t  i s o l a t e d  e nve l ope s  but  no t  t o  
s e c t i o n e d  e nve l ope s  i n  P i l l a i ’ s r e p o r t .  Some d i f f e r e n c e s  i n  b i n d i n g  
may a l s o  be a t t r i b u t e d  t o  t he  d i f f e r e n c e  i n  t ime pos t spawn.
Enve l opes  t h a t  have been b o i l e d  i n  b a s i c  s o l u t i o n s  l e a ve  a 
w h i t i s h  r e s i d u e .  The r e s i d u e  has  no t  been a s s a ye d  a t  t h i s  t ime but  
c ou l d  c o n t a i n  c h i t o s a n ,  which i s  a N- a c e t y l g l uc o s a m i ne  b y - p r oduc t  w i t h  
h a l f  t o  a l l  o f  t he  a c e t y l  s i d e  groups  removed.
D iscussion
In  t h i s  s t u d y ,  c h i t i n  i n h i b i t o r s  added to spawned eggs i n t e r f e r e  
w i t h  normal  h a t c h i n g  e nve l ope  f o r m a t i on .  Th i s  s u g g e s t s  t h e r e  may be a 
c h i t i n - l i k e  l i n k a g e  i n  t he  h a t c h i n g  e nve l ope  as sembly .  The i n h i b i t o r s
used have d i f f e r e n t  a c t i o n s  on the enve l ope  as sembly .  Nikkomycin Z. has 
s t r u c t u r a l  s i m i l a r i t y  to UDP- N- ace t y lg l ucosamine  and i s  a c o m p e t i t i v e  
i n h i b i t o r  of  c h i t i n  s y n t h a s e  (Cabib ,  1991; Giminez and M a r t i n e z ,
1989) .  Th i s  a n t i b i o t i c  i n h i b i t e d  or  r educed  enve l ope  as sembly  so t t iat  
t he  e nve l ope s  were l o s t  or  r educed to the  p o i n t  o f  n o n - r e c o g n i t i o n ,  
bu t  the  embryos deve l oped  u n t i l  g a s t r u l a t i o n .  Po l yox i n  D i s  a s p e c i f i c  
i n h i b i t o r  of  funga l  c h i t i n  s y n t h e t a s e  (Cabib ,  1991) .  Enve l opes  in 
po l yox i n  D c o l l a p s e d  e a s i l y ,  and the egg c o r t e x  looked abnormal .  
Tunlcamycln b l ocks  the f o r ma t i on  of  p r o t e i n - c a r b o h y d r a t e  l i n k a g e s  of  
t he  N - g l y c o s i d i c  t ype  by b l o c k i n g  t r a n s f e r  of  a c e t y l g l u c o s a m i n e - .1- 
phos pha t e  from UDP-N-acety. lglucosam.ine to d o l i c h o l  monophosphate .  Thi s  
a n t i b i o t i c  appe a r e d  t o  t o t a l l y  i n h i b i t  embryo deve lopment  w i t h o u t  
i n h i b i t i n g  the h a t c h i n g  enve l ope  f o r ma t i on  as  none of  the  eggs 
de ve l ope d .  These i n h i b i t o r s  a r e  a l l  f u n g a l ,  b a c t e r i a l  and v i r a l  
a n t i b i o t i c s  working by I n h i b i t i o n  of  c h i t i n  s y n t h a s e .  The d i f f e r e n c e  
in  s y n t h e s i s  of  funga l  c h i t i n  v e r s u s  decapod c h i t i n  may e x p l a i n  the 
d i f f e r e n c e s  of  a c t i o n  of  t h e s e  t h r e e  a g e n t s .
I f  enzymes c a p a b l e  o f  the  d e g r a d a t i o n  of  c h i t i n  a r e  added to the 
spawning media ,  the r e s u l t s  a g a i n  a r e  v a r i e d .  C h i t i n a s e  t r e a t m e n t  
r e s u l t s  in enve l ope s  t h a t  a ppe a r  s i m i l a r  to t he  c o n t r o l  e n v e l o p e ,  but  
a r e  f r a g i l e  and t h a t  c o l l a p s e  e a s i l y .  N - a c e t y l g l u c o s a m i n i d a s e  
t r e a t m e n t  r e s u l t s  i n  e nve l ope s  which a r e  ve r y  t h i n  s u g g e s t i n g  t o t a l  
f o rma t i on  was b l ocke d .  The two enzymes combined,  which t o g e t h e r  
degrade  c h i t i n  c r o s s - l i n k a g e s  and the p o l y s a c c h a r i d e  l i n k a g e s ,  i n h i b i t  
f o rma t i on  of  any e n v e l o p e .  C h i t i n a s e  i s  b e l i e v e d  to break  the 13-1, 4 
l i n k a g e s  of  c h i t i n ,  whe r e as ,  N ' - a c e t y l g l u c o s a mi n i d a s e  c l e a v e s  the
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t e r mi n a l  N - a c e t y l g l u c o s a m i n e s . Thus,  In c omb i na t i on ,  the N- 
a c e t y l g l u c o s a m i n i d a s e  may a t t a c k  the e a r l y  f o r ma t i o n  to a l l ow 
c h i t i n a s e  e n t r y  i n t o  the i n t e r n a l  edge o f  t he  e nve l ope  or  may a l l ow 
c h i t i n a s e  t o  have a c c e s s  to l i n k a g e s  by removing s t e a r i c  h i n d r a n c e s .
P i l l a i  and Cl a r k  (1987)  r e p o r t e d  h a t c h i n g  enve l ope  e l e v a t i o n  in 
ion d e f i c i e n t  s e a  w a t e r  was dependen t  on f e r t i l i z a t i o n .  In t h a t  s t u d y ,  
t he  eggs were spawned d i r e c t l y  i n t o  the i on d e f i c i e n t  s e a  w a t e r .  By 
w a i t i n g  f o r  e a r l y  a c t i v a t i o n  to o c c u r  ( j e l l y  r e l e a s e ) ,  t hen r e p l a c i n g  
the a r t i f i c i a l  s e a  w a t e r  w i t h  ion d e f i c i e n t  s e a  w a t e r ,  e nve l ope s  a r e  
e l e v a t e d  in  c a l c i um and magnesium f r e e  s e a  w a t e r ,  but  not  in s e a  wa t e r  
wi t h  both  i ons  d e f i c i e n t .  Th i s  r eq u i r e me n t  f o r  i ons  i n  h a t c h i n g  
enve l ope  a s sembly  f i t s  w i t h  c h i t i n  s y n t h a s e  r e q u i r e m e n t s  of  c a l c i um 
and ,/or magnesium i ons  f o r  a s sembly  and h a r d e n i n g  (O’ Br i e n ,  1991; 
De n n e l l ,  1960; S t e v e n s o n ,  1985,  f o r  r e v i e w ) .  The r o l e  of  i ons  in 
c h i t i n  s y n t h e s i s  i s  based  on the assembly  of  t he  e x o s k e l e t o n  i n  
decapod c r a b s  (O’B r i e n ,  e t  a l . ,  1991) and t he  f o r ma t i on  of  f unga l  c e l l  
w a l l s  ( Lending,  e t  a l . ,  1991) .  Calcium i s  c o n t a i n e d  in  t he  c a l c i f i e d  
o u t e r  l a y e r s  (O’Br i e n ,  e t  a l . ,  1991) of  t he  c r a b .  Magnesium i s  
n e c e s s a r y  i n  media f o r  t h e  a s sembly  of  c h i t i n  i n  fungi  ( Lending,  e t  
a. / . ,  1991) .  However,  t he  n e c e s s i t y  f o r  t h e s e  i o n s  can a l s o  be 
a t t r i b u t e d  to  r o l e s  i n  p e r o x i d a s e  a c t i v i t y  o r  t r a n s g l u t a m i n a s e  
a c t i v i t y .  These two enzymes a r e  a l s o  c a l c i um de pe nde n t .
Note t h a t  i n  the l e c t i n  b i nd i ng  s t u d i e s ,  two d i f f e r e n t  r e s i n s  
were used and t h e s e  r e s i n s  d i f f e r e d  from the r e s i n s  used by P i l l a i  and 
C l a r k ,  1990.  D i f f e r e n t  r e s i n s  g i v e  d i f f e r e n t  r e s u l t s  depending  on the 
l e c t i n  used .  U'GA g i v e s  a p o s i t i v e  r e a c t i o n  w i t h  the h a t c h i n g  e nve l ope
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i n  LR Whi te i n  shr imp and the f e r t i l i z a t i o n  e nve l ope  in  c r a b  (Goudeau 
and L a c h a i s e ,  1980) ,  bu t  no t  i n  JB-4.
I s o l a t e d  e n v e l o p e s  run on g e l s  p r oba b l y  on l y  show a p o r t i o n  of  
t he  p r o t e i n s  and p o l y s a c c h a r i d e s  s i n c e  t he  s o l u b i l i z a t i o n  b u f f e r  
( sample  b u f f e r )  f o r  t he  ge l  e l e c t r o p h o r e s i s  p r o c e d u r e s  do not  
n e c e s s a r i l y  d i s s o l v e  a l l  o f  t he  e n v e l o p e .  T r e a t me n t  w i t h  c h i t i n a s e  
d e s t r o y s  some o f  h i g h e r  m o l e c u l a r  we i gh t  components  a f t e r  i n c u b a t i o n  
o f  a t  l e a s t  30 min.
In a d u l t  decapod e x o s k e l e t o n s ,  t y r o s i n e ,  o f t e n  a s s o c i a t e d  w i t h  
p r o t e i n  c r o s s - l i n k i n g ,  i s  e x p e c t e d  to compose 3 t o  7.5% of  t he  t o t a l  
amino a c i d s  and g l y c i n e  i s  e x p e c t e d  to be abundant  due to i t s  r o l e  i n  
p r o t e i n - c h i t i n  b i n d i n g  (O’B r i e n , e t  a l . ,  1991) .  In 5.  i n g e n t i s ,  P i l l a i  
(1988)  l i s t s  g l y c i n e  as  t he  most  abundan t  amino a c i d  a t  21% and 
t y r o s i n e  a t  2 .2 % o f  t he  t o t a l  amino a c i d s  i n  i s o l a t e d  e n v e l o p e s .  
Components o f  the  h a t c h i n g  e n v e l o p e  may s h a r e  some common 
c h a r a c t e r i s t i c s  w i t h  c h i t i n .  These  would i n c l u d e  a s e n s i t i v i t y  to t he  
i on c o mp o s i t i on  of  t he  media ,  an i n a b i l i t y  t o  a s sembl e  a normal  
e nve l ope  in  t he  p r e s e n c e  o f  t u n i c a my c i n ,  and s e n s i t i v i t y  t o  enzymes 
t h a t  de g r a de  g l u c o s e - l i n k a g e s  such  as  N - a c e t y l g l u c o s a m i n i d a s e  and 
c h i t i n a s e .  These i m p l i c a t i o n s  t o g e t h e r  w i t h  t he  o x i d a s e  i mp l i e d  in 
Cha p t e r  I I I  o f f e r  argument  f o r  t he  p r e s e n c e  of  a c h i t i n - l i k e  component  
o r  a s i m i l a r  c a r b o h y d r a t e .  Th i s  i m p l i e s  the  a p p r o p r i a t e  c a r b o h y d r a t e  
s y n t h a s e  has a r o l e  i n  shr i mp h a t c h i n g  e nve l ope  as sembly .
CHAPTER V
PRELIMINARY EVIDENCE FOR A TRANSAMIDASE INVOLVED IN FORMATION OF THE 
HATCHING ENVELOPE IN Trachvpenaeus s i m i l l s  AND S ic yo n ia  i n g e n t l s
I n t r o d u c t i o n
In f e r t i l i z a t i o n  e nve l ope  a s sembly  and e l e v a t i o ,  r e c e n t l y ,  
a t t e n t i o n  has been d i r e c t e d  to t he  p o s s i b l e  r o l e s  f o r  
t r a n s g l u t a m i n a s e s ,  an enzyme t h a t  c r o s s - l i n k s  g l u t a mi n e  and l y s i n e  
r e s i d u e s .  In the  f i s h ,  Qppe n- Be r n t s e n  (1990) was a b l e  t o  i s o l a t e  a 
p r o t e i n  band from t he  f i s h  c h o r i o n  t h a t  c ou l d  be a s s o c i a t e d  w i t h  a 
t r a n s g l u t a m i n a s e  r e a c t i o n  and r e l a t e  t h i s  a c t i o n  to the h a r d e n i n g  of  
t he  c h o r i o n .  B a t t a g l i a  and Sha p i r o  (1988) d e s c r i b e d  a t r a n s g l u t a m i n a s e  
r o l e  i n  the  f e r t i l i z a t i o n  e nve l ope  assembly i n  s e a  u r c h i n  as 
r e s p o n s i b l e  f o r  t he  I g l o o  to t e n t  shape f o r ma t i o n  (1-T t r a n s f o r m a t i o n )  
a s s o c i a t e d  w i t h  the t a n n i n g  o f  the s e a  u r c h i n  f e r t i l i z a t i o n  e nve l ope .
The q u e s t i o n wa s  p o s t u l a t e d  t h a t  a t r a n s a mi d a s e  may be a c t i v e  in 
p e na e o i de a n  shr imp h a t c h i n g  e nve l ope  a s sembl y .  The hi gh  c o n t e n t  of  
g l u t a mi n e  and l y s i n e  r e s i d u e s  as  r e p o r t e d  by P i l l a i  (1988)  and P i l l a i  
and Cl a r k  (1990) p r e s e n t e d  a p o s s i b i l i t y  of  a t r a n s a m i d a s e .  These 
amino a c i d  r e s i d u e s  a c t  a s  s u b s t r a t e s  f o r  t r a n s g l u a t m i n a s e  medi a t ed  
c r o s s - l i n k a g e s  (Lorand and Campbel l ,  1971; Lorand e t  a l . ,  1979; Lorand 
and Conrad,  1984) .
The h a t c h i n g  e nv e l o p e  o f  the  peneao i d  shr imp Trachypenaeus
s i m i l i s  and S icyon ia  i n g e n t i s  e l e v a t e s  i ndepe nde n t  o f  sperm
i n t e r a c t i o n  when eggs a r e  spawned i n t o  s e a  w a t e r .  The e l e v a t i o n  and
f o r ma t i o n  of  the e nv e l o p e  r e q u i r e s  a t  l e a s t  two c o r t i c a l  v e s i c l e
e x o c y t o s e s  ( P i l l a i ,  1988;  P i l l a i  and C l a r k ,  1990) .  Whi le the
f o r ma t i o n  of  the e a r l y  h a t c h i n g  enve l ope  i s  we l l  documented by t h i s
work ( se e  Cha p t e r  I I )  and t h a t  o f  P i l l a i  (1988)  and P i l l a i  and Cl a rk
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(1988,  1990) ,  the r o l e s  o f  the  enzymes a r e  not  wel l  documented or  
u n d e r s t o o d .  The proposed  a c t i o n  of  an o x i d a s e  and a c a r b o h y d r a t e  
s y n t h a s e  a r e  d i s c u s s e d  i n  e a r l i e r  c h a p t e r s  o f  t h i s  work.  Th i s  c h a p t e r  
p r e s e n t s  e v i d e n c e  f o r  a t r a n s a m i d a s e  l i n k a g e  and i t s  p o s s i b l e  r o l e  as 
a t a n n i n g  agen t  i n  h a t c h i n g  e nve l ope  a s sembly  and e l e v a t i o n .
M aterials and Methods
Animals
The rock shr imp,  S ic yo n ia  i n g c n t i s ,  was o b t a i n e d  by o t t e r  t r awl  
o f f  the  c o a s t  o f  S o u t h e r n  C a l i f o r n i a .  Mated,  g r a v i d  females  were 
t r a n s p o r t e d  i n  c o o l e d ,  a e r a t e d  t anks  t o  the l a b o r a t o r y  where t hey  were 
t hen h e l d  in l i g h t  c y c l e d  a q u a r i a .  Animals  were p l ac e d  in  the dark  to 
i nduce  spawning.  Trachypenaeus s i m i l i s  were  o b t a i n e d  by o t t e r  t r awl  
o f f  t he  c o a s t  of  L o u i s i a n a .  Animals  were t r a n s p o r t e d  in a e r a t e d  
a q u a r i a  to t he  l ab  where they were t r a n s f e r r e d  to a e r a t e d  10 g a l l o n  
a q u a r i a .  Those a n i ma l s  e x h i b i t i n g  spawning b e h a v i o r  were removed and 
he l d  ove r  175 ml c r y s t a l l i z i n g  d i s h e s  f i l l e d  w i t h  a r t i f i c i a l  s e a  
w a t e r .  Eggs were g e n t l y  s w i r l e d  w i t h i n  the d i s h e s  f o r  about  10 min to 
p r e v e n t  eggs from a d h e r i n g  and to a l l o w  f o r  normal  e a r l y  egg 
a c t i v a t i o n  e v e n t s .
At 10 min pos t spawn,  the  t r a n s a m i d a s e  i n h i b i t o r s ,  c a d a v e r i n e ,  
p u t r e s c i n e ,  and g l y c i n e  e t h y l  e s t e r  (20 mM) , which p r e v e n t  g l u t a mi n e -  
l y s i n e  l i n k a g e s  from f orming ,  were added to t he  d i s h e s  and the  d i s h e s  
were g e n t l y  mixed.  Samples  were then removed f o r  l i g h t  mic r oscopy  
o b s e r v a t i o n  or  f i x a t i o n  a s  not ed  in Cha p t e r  I .
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L igh t >li c ros copy
Eggs were spawned i n t o  a r t i f i c i a l  s e a  wa t e r  i n  50 x 70 mm 
c r y s t a l l i z i n g  d i s h e s  and g e n t l y  s w i r l e d  f o r  10 min t o  remove most  of  
t he  j e l l y  l a y e r .  At 10 min pos t spawn,  t he  t r a n s a m i d a s e  i n h i b i t o r s ,  
c a d a v e r i n e ,  p u t r e s c i n e  and g l y c i n e  e t h y l  e s t e r  were added to make 20 
mM s o l u t i o n s .
Al i q u o t  were removed from the  spawning d i s h e s  and p l a c e d  on 
c l e a n  g l a s s  s l i d e s  t hen cove red  w i t h  a cove r  s l i p  s up p o r t e d  by a drops  
o f  v a s e l i n e  o r  s i l i c o n  g e l  to p r e v e n t  d e s i c c a t i o n  or  damage o f  t he  
sample .  Samples were t hen obse rved  and pho t ogr aphed  on a Nikon 
Op t i pho t  o r  Nikon Microphot  mi c r o s c ope .
Electron microscopy
Samples  f o r  t r a n s m i s s i o n  e l e c t r o n  mic r oscopy  and s c a nn i ng  
e l e c t r o n  mi c r oscopy  were  removed from the c r y s t a l l i z i n g  d i s h e s  a t  the 
t ime o f  h a t c h i n g  e n v e l o p e  e l e v a t i o n  (30-45 mi n ) ,  75 and 90 min
pos t spawn.  These samples  were f i xe d  in  a f i n a l  c o n c e n t r a t i o n  o f  1.2%
p a r a f o r m a l d e h y d e - 0 .8% g l u t a r a l d e h y d e  i n  0 . 27  M sodium c a c o d v l a t e  
b u f f e r ,  pH 7 . 8  i n  33% s e a  w a t e r .  Samples  were washed t h r e e  t imes  in 
0.4 M c a c o d y l a t e  b u f f e r ,  p o s t - f i x e d  in a f i n a l  c o n c e n t r a t i o n  o f  1%
osmium t e t r o x i d e ,  and d e h y d r a t ed  i n  an a c e t o n e  s e r i e s .  T r a n s mi s s i o n
e l e c t r o n  mi c r oscopy  sampl es  were embedded i n  mod i f i e d  S p u r r ’ s r e s i n  
( Spu r r ,  1969) .  F i f t y  nanometer  s e c t i o n s  were c u t  on a R e i c h e r t  
U l t r a c u t  E and viewed on a JEOL CMX 100 e l e c t r o n  mi c r o s c ope .  Scanning  
e l e c t r o n  mic r oscopy  samples  were c r i t i c a l  p o i n t  d r i e d ,  c oa t e d  w i t h  
g o l d - p a l l a d i u m  and viewed on an Z e i s s  Scanning  e l e c t r o n  mi c r o s c ope .
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R e s u l t s
In 20 mM c a d a v e r i n e  and p u t r e s c i n e ,  h a t c h i n g  e nve l ope s  o f  S. 
i n g e n t i s  were e l e v a t e d  a s  i n  the c o n t r o l  eggs ( F i g .  V - l a ,  V- l b ,  V- l c ,  
V - l d ) .  While eggs  and e n v e l o p e s  a ppe a r e d  normal  when t r e a t e d  w i t h  20 
mM p u t r e s c i n e  ( F i g u r e  2 c ) ,  i n  40 mM p u t r e s c i n e ,  t he  eggs d i d  not  
de ve l op  beyond 60 min pos t s pa wni ng  ( d a t a  not  shown) .  Li gh t  
o b s e r v a t i o n s  of  5.  i n g e n t i s  eggs t r e a t e d  w i t h  20 mM g l y c i n e  e t h y l  
e s t e r  showed t h i n n e r  l e s s  b i r e f r i n g e n t  e nv e l o p e s  when compared t o  eggs 
in a r t i f i c i a l  s e a  wa t e r  and o c c a s i o n a l l y  no e n v e l o p e  e l e v a t i o n  ( F i g u r e
V - l d ) .  With 5 mM g l y c i n e  e t h y l  e s t e r ,  t he  e nve l ope s  a ppear ed  normal  
when compared to t hose  i n  normal  a r t i f i c i a l  s e a  w a t e r  when obse rved  
wi t h  phase  mic r oscopy  ( d a t a  not  shown) .  At 40 mM g l y c i n e  e t h y l  e s t e r ,  
a l l  t he  eggs  d i ed  by 60 min pos t spawn.
In 20 mM c a d a v e r i n e ,  the e nve l ope s  o f  Trachvpenaeus s i m i l i s  were 
not  v i s i b l e  w i t h  phase  mi c r oscopy  as  compared t o  t he  c o n t r o l  eggs 
( F i g u r e  V-2a and V - 2 b ) .
Wi th t r a n s m i s s i o n  e l e c t r o n  mi c r osc opy ,  t he  S.  i n g e n t i s  
e n v e l o p e s  appear ed  s i m i l a r  t o  the  c o n t r o l  e n v e l o p e s  i n  c a d a v e r i n e  
a l t h o u g h  the  enve l ope  a p p e a r e d  t h i n n e r  t han  t he  c o n t r o l  ( F i g u r e  V-3a 
and V-3b) .  These e nve l ope s  measured about  0 . 2  p f o r  t he  c a d a v e r i n e ,
0 . 5  (normal )  f o r  the  p u t r e s c i n e .  O b s e r v a t i o n s  w i t h  t r a n s m i s s i o n  
e l e c t r o n  mic r oscopy  showed an t h i n ,  s i n g l e  l a y e r  e nve l ope  in  T. 
s i m i l i s ,  < 0 . 05  pm t h i c k ,  t h a t  was c o l l a p s e d  to the egg s u r f a c e  ( F i g .
V-4b) compared to the c o n t r o l  eggs ( F i g u r e  V-4a)  of  0 . 35  pm t h i c k .  The 
s t a i n i n g  d e n s i t y  of  the t h i n  e nve l ope  s u g g e s t e d  i t  may be the e l e c t r o n
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F i g u r e  V- l  and V-2.  Eggs t r e a t e d  w i t h  t r a n s a mi d a s e  i n h i b i t o r s  shown 10 
min pos t spawn a t  90 min pos t spawn compared to t hos e  i n  a r t i f i c i a l  s ea  
w a t e r .
F i g u r e  V - l .  l a )  5.  I n g e n t i s  eggs spawned i n t o  a r t i f i c i a l  s e a  wa t e r  
e l e v a t e  a h a t c h i n g  e n v e l o p e  (HE) a t  about  45 min pos t spawn.  * 
i n d i c a t e s  p e r i v i t e l l i n e  s p a c e .  Bar e q u a l s  100 pm. lb)  Eggs t r e a t e d  
i n t o  20 mM c a d a v e r i n e  e l e v a t e  normal  a p p e a r i n g  e n v e l o p e s  (HE),  l c )
Eggs t r e a t e d  w i t h  20 mM p u t r e s c i n e  a l s o  e l e v a t e d  normal  a p p e a r i n g  
e nve l ope s  (HE). Id)  Eggs t r e a t e d  w i t h  20 mM g l y c i n e  e t h y l  e s t e r  d i d  
not  a ppe a r  t o  e l e v a t e  e n v e l o p e s .
F i gu r e  V-2.  2a) T. s i m i l i s  eggs i n  a r t i f i c i a l  s e a  wa t e r  e l e v a t e  
e nve l ope s  (HE) abou t  40 min pos t spawn.  The p e r i v i t e l l i n e  space  (*) i s  
we l l  d e f i n e d  and t h e  j e l l y  l a y e r  (JL) i s  s t i l l  v i s i b l e .  2b) Eggs i n  20 
mM c a d a v e r i n e  d i d  not  have  v i s i b l e  e n v e l o p e s .
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dense  o u t e r  l a y e r  t h a t  had formed w i t h o u t  t he  e l e c t r o n  t r a n s l u c e n t  
i n n e r  l a y e r .  The c o r t e x  was f i l l e d  w i t h  l a r g e  v e s i c l e s  i n  c o n t r a s t  to 
t he  c o n t r o l  eggs  which had s m a l l e r  open r i n g  v e s i c l e s  f i l l e d  w i t h  a 
f i n e  e l e c t r o n  t r a n s l u c e n t  s u b s t a n c e .
In p u t r e s c i n e ,  t h e  e nve l ope s  from S. i n g e n t i s  a r e  s i m i l a r  t o  
t hose  i n  t he  c o n t r o l  e ggs ,  w i t h  a b i l a v e r e d  c o n s t r u c t i o n  and a 
f l o c c u l e n t  i n n e r  l a y e r  ( F i g u r e  V- 3c) .  The e nve l ope  measured abou t  0 . 4  
pm, o r  about  the  same s i z e  as  the  c o n t r o l  egg.  The c o r t e x  appear ed  
s i m i l a r  t o  the c o n t r o l  egg,  a l t h o u g h  packed r i n g  v e s i c l e s  were not  
v i s i b l e .
S. i n g e n t i s  eggs i n  g l y c i n e  e t h y l  e s t e r  d i d  not  have e nve l ope s  
when viewed w i t h  t r a n s m i s s i o n  e l e c t r o n  mic r oscopy  ( F i g u r e  V-3d) .  The 
c o r t e x  has l a r g e  s pa c e s  t h a t  s u g g e s t e d  t he  v e s i c u l a r  m a t e r i a l  was not  
we l l  formed,  and t he  v e s i c l e s  d i d  not  have w e l l  deve loped  l i m i t i n g  
membranes .
Discuss ion
Oppen- Ber ns t en ,  e t  a l . , (1990) d e t a i l s  i s o l a t i o n  and the 
i d e n t i f i c a t i o n  o f  a t r a n s g l u t a m i n a s e  i n  t he  c h o r i o n  o f  t he  f i s h  egg.  
Thi s  was p o s i t i v e l y  i d e n t i f i e d  by use  o f  a d a n s y l c a d a v e r i n e  to l a b e l  
t he  c h o r i o n .  At t empt s  by t h i s  l ab  t o  use  t he  same t e c h n i qu e  as  
d e s c r i b e d  r e s u l t e d  i n  t h e  d e a t h  of  a l l  t he  o o c y t e s  (number o f  t r i a l s  = 
4 ) .  The use o f  c a d a v e r i n e  as  an i n h i b i t o r  o f  t r a n s a mi n a s e  r e s u l t e d  in 
abnormal  enve l ope  f o r ma t i o n  i n  T. s i m i l i s .  The r e s u l t s  were more 
v a r i e d  i n  S. i n g e n t i s ,  w i t h  e l e v a t i o n  be ing  seen  in  two out  o f  t h r e e  
t r i a l s  u s i ng  c a d a v e r i n e .
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F i g u r e s  V-3 and V-4.  T r a n s m i s s i o n  e l e c t r o n  mi c r og r a phs  of  S. i n g e n t i s  
and T. s i m i l i s  eggs a t  90 min pos t spawn a f t e r  t r e a t m e n t  wi t h  
t r a n s a m i d a s e  i n h i b i t o r s .
F i g u r e  V-3.  3a) Eggs i n  a r t i f i c i a l  s ea  w a t e r  e l e v a t e  a t h i c k  h a t c h i n g  
e nve l ope . (HE)  and a d e f i n e d  p e r i v i t e l l i n e  space  ( * ) .  Bar e q u a l s  1 pm. 
3b) Eggs i n  20 mM c a d a v e r i n e  a ppe a r  t o  have normal  enve l ope s  a l t h o u g h  
t he  t h i c k n e s s  may be l e s s  t han  t he  c o n t r o l s .  3c) Eggs t r e a t e d  w i t h  20 
mM p u t r e s c i n e  a ppe a r  v e r y  s i m i l a r  to c o n t r o l  eggs  w i t h  a t h i c k ,  
b i l a y e r e d  HE and a w e l l  de v e l o p e d  p e r i v i t e l l i n e  s pace  ( * ) .  3d) Eggs in 
g l y c i n e  e t h y l  e s t e r  have l o s t  c e l l u l a r  i n t e g r i t y .
F i g u r e  V-4.  4a) T. s i m i l i s  eggs  i n  a r t i f i c i a l  s e a  w a t e r  e l e v a t e  a 
b i l a y e r e d  HE w i t h  a p e r i v i t e l l i n e  space  ( * ) .  Bar e q u a l s  1 pm. 4b) Eggs 
i n  20 mM c a d a v e r i n e  have numerous open v e s i c l e s  and a t h i n  monolayer  
HE t h a t  has  c o l l a p s e d  t o  l i m i t  t he  p e r i v i t e l l i n e  s pace  ( * ) .
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B a t t a g l i a  and Sh a p i r o  (1988) i d e n t i f i e d  the r o l e  of  a 
t r a n s g l u t a m i n a s e  in s e a  u r c h i n  f e r t i l i z a t i o n  e n v e l o p e s .  By u s i n g  the 
t r a n s a m i d a s e  i n h i b i t o r s ,  p u t r e s c i n e ,  c a d a v e r i n e  and g l y c i n e  e t h y l  
e s t e r ,  t hey  were a b l e  t o  d e m o n s t r a t e  abnormal  f e r t i l i z a t i o n  e nve l ope  
h a r d e n i n g  i n  t he  p r e s e n c e  of  t h e s e  i n h i b i t o r s .  These i n h i b i t o r s d i s r u p t  
the  I -T t r a n s f o r m a t i o n  o f  t he  f e r t i l i z a t i o n  enve l ope  in  t he  s e a  
u r c h i n ,  S t r o n g v l o c e n t r o tu s  purpura tus  by compet ing w i t h  the g i u t a mi n e -  
l y s i n e  r e s i d u e s  as a s u b s t r a t e .  Using t hes e  i n h i b i t o r s  d i d  not  seem to 
a f f e c t  t h e  shr imp h a t c h i n g  e nve l ope  f o r ma t i on  as  r e a d i l y  as  in t he  sea  
u r c h i n .  Cada ve r i ne  i n  T. s i m i l i s  egg e f f e c t i v e l y  i n h i b i t e d  f o r ma t i o n  
o f  t he  e x t e r n a l  f o l d  p a t t e r n  i n  t h e s e  eggs ( F i g u r e  Y-4a and Y-4b) .
Sea u r c h i n  f e r t i l i z a t i o n  enve l ope  f o r m a t i o n  i s  dependen t  on 
a c t i v a t i o n  of  t he  egg whe t he r  n a t u r a l  or  a r t i f i c i a l .  The v a r i a t i o n  in  
e l e v a t i o n  in  c a d a v e r i n e  t r e a t e d  s e a  w a t e r  may a l s o  be f e r t i l i z a t i o n  
de pe nde n t .  Anot her  f a c t o r  t h a t  may demand more c o n s i d e r a t i o n  i s  t he  
t i mi ng  of  t he  e nve l ope  f o r m a t i o n .  In T, s i m i l i s ,  i f  the i n h i b i t o r  i s  
added a t  10 min pos t spawn,  e nve l ope  f o r ma t i on  i s  abnormal .  However,  i n  
S.  i n g e n t i s ,  i n h i b i t o r  added a t  t he  same t ime pos t spawn d i d  not  seem 
to i n t e r f e r e  w i t h  e n v e l o p e  f o r m a t i o n .  P o s s i b l y ,  t he  d i f f e r e n c e  i n  the  
e l e v a t i o n  t i mi ng  of  t he  two s p e c i e s  may be r e f l e c t e d  in  the  enve l ope  
fo r ma t i on  in  t he  p r e s e n c e  o f  the  i n h i b i t o r .
P u t r e s c i n e  d i d  not  a ppe a r  to i n h i b i t  the enve l ope  in 5. 
i n g e n t i s .  However,  g l y c i n e  e t h y l  e s t e r  d i d  i n t e r f e r e  wi t h  e nve l ope  
f o r ma t i o n ,  but  a l s o  w i t h  normal  embryonic  deve lopment .  Lorand and 
Conrad (1984) s u g g e s t  g l y c i n e  e t h y l  e s t e r  may i n t e r f e r  w i t h  the 
pr imary  amines  as we l l  as  the  t r a n s g l u t a m i n a s e  r e a c t i o n ,  t h i s  may
e x p l a i n  the l o s s  of  c e l l u l a r  i n t e g r i t y  s een  i n  g l y c i n e  e t h y l  e s t e r .  
Thus,  w h i l e  i n c o n c l u s i v e  a t  t h i s  p o i n t ,  t h e s e  r e s u l t s  s u g g e s t  t h e r e  
may be a r o l e  f o r  a t r a n s a m i d a s e  i n  peneao i d  e nve l ope  as sembly .  Thi s  
t ype  o f  r o l e  would f i t  w i t h  t he  c h i t i n  s y n t h a s e  as  t he  c r o s s - l i n k a g e  
o f  p r o t e i n s  and t h e  c h i t i n  be i ng  i mp o r t a n t  f o r  t he  t a n n i n g  of  c h i t i n .
CHAPTER VI 
SUMMARY
When pe na e i de a  shr i mp spawn i n t o  s e a w a t e r ,  t he  ova e l e v a t e  an 
e x t r a c e l l u l a r  c o a t ,  t h e  h a t c h i n g  enve l ope  ( P i l l a i  and C l a r k ,  .1988; 
Lynn,  e t  a l . ,  1991) ,  w i t h i n  one hour  pos t spawn.  Ha t ch ing  e nve l ope  
assembly  i n  pe na e i de a  shr i mp i s  t he  r e s u l t  of  a s e r i e s  of  c o r t i c a l  
v e s i c l e  e x o c y t o s e s  t h a t  a r e  c a r e f u l l y  o r c h e s t r a t e d  ove r  t ime to  c r e a t e  
an e x t r a c e l l u l a r ,  b i l a y e r e d  s t r u c t u r e ,  the h a t c h i n g  e n v e l o p e ,  t h a t  
s u r r o u n d s  the egg.  The a s sembly  and e l e v a t i o n  o f  t h i s  h a t c h i n g  
e nve l ope  by the c o r t i c a l  e x o c y t o s e s  r e s u l t s  i n  the  f o r ma t i on  o f  an 
o u t e r  e l e c t r o n  dense  l a y e r  and t hen  the a d d i t i o n  of  an e l e c t r o n  
t r a n s l u c e n t  i n n e r  l a y e r .  A t h i r d  e x o c y t o s i s  adds to t he  f u r t h e r  
a s sembly  and e l e v a t i o n  o f  the  h a t c h i n g  enve l ope  from the  oolemma. At 
l e a s t  one o r  more enzymes a ppe a r  t o  be a s s o c i a t e d  w i t h  t h e s e  
p r o c e s s e s .  These enzyme(s)  have a c t i v i t i e s  t h a t  a r e  s i m i l a r  and a l s o  
d i f f e r e n t  from enzymes s e en  i n  o t h e r  model s ys t e ms .
An o x i d a s e  i s  i n v o l v e d  in  h a t c h i n g  e n v e l o p e  assembly  as 
i n d i c a t e d  by t he  f o r ma t i o n  o f  a s o f t ,  t h i n  h a t c h i n g  e nve l ope  i n  the 
p r e s e n c e  o f  known o x i d a s e  i n h i b i t o r s ,  a m i n o t r i a z o l e  and sodium 
s u l f i t e .  S i m i l a r  r e s u l t s  a r e  seen  in  s e a  u r c h i n s  ( Ka t s u r a  and 
Tomi na ga , 1974; Showman and F o e r d e r ,  1979; Kay and Sh a p i ro ,  1985) .  
F l u o r e s c e n c e  o f  d i h y d r o t e t r a m e t h y l r o s a m i n e ,  an o x i d a s e  s e n s i t i v e  dye,  
s u g g e s t s  t h i s  o x i da s e  i s  a c t i v e  a t  t he  t ime of  i n i t i a l  h a t c h i n g  
e nve l ope  f o r ma t i o n .  In eggs  t r e a t e d  w i t h  t he  p e r o x i d a s e  i n h i b i t o r s ,  3- 
am. ino-1,2 , 4 - t r i a z o l e  or  sodium s u l f i t e ,  t he  egg c o r t e x  f l u o r e s c e d ,  but  
no f l u o r e s c e n c e  a ppear ed  in the h a t c h i n g  e n v e l o p e .  As in s e a  u r c h i n s ,  
e l e c t r o n  mi c r ogr a phs  o f  S ic yon ia  i n g e n t i s  and Trachvpcnaeus s i m i l i s
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h a t c h i n g  e n v e l o p e s  i n  s e a  w a t e r s  w i t h  p e r o x i d a s e  i n h i b i t o r s  have 
a bno r ma l l y  as sembled  h a t c h i n g  enve l ope  compared t o  c o n t r o l s .  Unl i ke  
s e a  u r c h i n  f e r t i l i z a t i o n  e n v e l o p e s ,  t he  p e r o x i d a s e  s u b s t r a t e ,  3,  3 ’ - 
d i a m i n o b e n z i d i n e , d i d  n o t  show s i g n i f i c a n t  l a b e l l i n g  i n  t he  h a t c h i n g  
e nv e l o p e .  These  o b s e r v a t i o n s  a r e  c o n s i s t e n t  w i t h  t he  i nvolvement  of  an 
o x i d a s e - l i k e  enzyme,  but  no t  n e c e s s a r i l y  a p e r o x i d a s e ,  i n  t he  assembly  
of  t he  h a t c h i n g  e n v e l o p e .
A c a r b o h y d r a t e  s y n t h a s e  i s  i n d i c a t e d  by the  morphology of  eggs 
t r e a t e d  w i t h  t he  c h i t i n  s y n t h a s e  i n h i b i t o r ,  nikkomycin Z. Eggs 
i n c u b a t e d  w i t h  t he  c h i t i n  s y n t h e t a s e  i n h i b i t o r s ,  nikkomycin Z and 
p o l y o x i n  D, e l e v a t e d  abnormal  e n v e l o p e s .  The h a t c h i n g  enve l ope  
f o r ma t i o n  and e l e v a t i o n  i s  ion de pe nde n t ,  a p r o p e r t y  t h a t  can be 
r e l a t e d  t o  c h i t i n  s y n t h e s i s .  Enve l opes  a t  n i n e t y  min pos t spawn 
d e mo n s t r a t ed  p o s i t i v e  s t a i n i n g  w i t h  l e c t i n s  d i r e c t e d  to g l u c o s e  and 
mannose r e s i d u e s .  Eggs t r e a t e d  s i m u l t a n e o u s l y  w i t h  N- 
a c e t y l g l u c o s a m i n e  and c h i t i n a s e  e l e v a t e d  abnormal  h a t c h i n g  e nve l ope s  
as  obs e r ve d  w i t h  t r a n s m i s s i o n  e l e c t r o n  mic r oscopy .  D i g e s t i o n  of  
i s o l a t e d  e n v e l o p e s  by c h i t i n a s e  o c c u r r e d  a f t e r  a t  l e a s t  t h i r t y  min 
i n c u b a t i o n  as  i n d i c a t e d  by e l e c t r o p h o r e s i s .  These r e s u l t s  s u g g e s t  a 
r o l e  f o r  a c a r b o h y d r a t e  s y n t h e t a s e  i n  t he  assembly  o f  the  h a t c h i n g  
e n v e l o p e .
T r ansami das e  i n h i b i t o r s  i n d i c a t e  t h a t  a g l u t a m i n e - l y s i n e  l i n k a g e  
may be i nvo l ve d  in e a r l y  e nve l ope  a s sembly  as t r a n s a m i d a s e  i n h i b i t o r s ,  
c a d a v e r i n e  and p u t r e s c i n e ,  d i d  not  d i s r u p t  the morphology of  h a t c h i n g  
e nve l ope s  i n  S. i n g e n t i s .  Gl yc i ne  e t h y l  e s t e r  t r e a t e d  eggs d i d  not  
e l e v a t e  e n v e l o p e s .  In T. s i m i l i s ,  t he  h a t c h i n g  enve l ope  formed in the
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p r e s e n c e  of  c a d a v e r i n e  was abnormal  in wi d t h  and s t r u c t u r e .  P o s s i b l y  
t he  t imi ng  o f  a d d i t i o n  o f  t he  i n h i b i t o r s  i s  c r i t i c a l  i n  t h e s e  
e x p e r i m e n t s .  Thi s  a ppr oa c h  s t i l l  needs  t o  be e x p l o r e d .
These r e s u l t s  i m p l i c a t e  a b i o c h e mi c a l  b a s i s  f o r  an o x i d a s e ,  a 
c a r b o h y d r a t e  s y n t h a s e  and a t r a n s a m i d a s e  enzyme in t he  as sembly  and 
e l e v a t i o n  of  t he  h a t c h i n g  enve l ope  o f  t he  p e n a e i d e a  s h r i mp .  S i nce  
c h i t i n  i s  not  pur e  i n  n a t u r e ,  but  r e q u i r e s  c r o s s - l i n k a g e s  of  p r o t e i n s  
med i a t e d  by phenol  o x i d a s e s ,  t he  r o l e  o f  an o x i d a s e  i s  p l a u s i b l e .
C h i t i n  i s  r e p o r t e d  i n  a d u l t  decapods  as g l y c i n e  r i c h ,  a r eq u i r e me n t  
f o r  p r o t e i n  c r o s s - l i n k s .  The c a r b o h y d r a t e  s y n t h a s e  would be i mpor t a n t  
in  t he  13-1,4 l i n k a g e s  of  g l u c o s e .  Mannases e xc l ude  mannose from the 
s t r u c t u r e  t o  a l l ow f u r t h e r  g l u c o s e  and M- a c e t y l g l uc os a mi ne  c r o s s - l i n k s  
to  oc c u r  ( S t r y e r ,  1988) .  These r e q u i r e m e n t s  f o r  c h i t i n  s y n t h e s i s ,  as  a 
model  f o r  c a r b o h y d r a t e  s y n t h e s i s ,  g i ve  c r e d e n c e  to some o f  t he  enzymes 
i m p l i c a t e d  in  t h i s  s t u d y .
F u r t h e r  r e s e a r c h  would e x p l o r e  t he  c o r t i c a l  v e s i c l e  components  
as  r e l a t e d  t o  t he  enzymes i m p l i c a t e d  h e r e i n  by i s o l a t i o n  and 
i d e n t i f i c a t i o n  o f  t he  c o n t e n t s  of  t he  c o r t i c a l  v e s i c l e  t y p e s .  Another  
approach  would i n c l u d e  t he  r o l e  of  t he  h a t c h i n g  enve l ope  i n  r e l a t i o n  
to x e n o b i o t i c s .  Th i s  c ou l d  i n c l u d e  p e r m e a b i l i t y  s t u d i e s  o f  the  
e nve l ope  and the c e l l  membrane and changes  a s s o c i a t e d  w i t h  t h e s e  
d u r i n g  deve lopment .
Cha p t e r  I I I  o f  t h i s  work s u g g e s t s  an o x i d a s e  t h a t  may be a c t i v e  
i n  t he  h a t c h i n g  e nve l ope  a s sembl y .  Cha p t e r  V s u g g e s t s  a t r a n s a mi d a s e  
type a c t i o n  may be t a k i n g  p l a c e .  These two r e a c t i o n s  can a l s o  be 
a s s o c i a t e d  wi t h  the qui none  t ann i ng  o f  c h i t i n  r e q u i r i n g  a phenol
o x i d a s e  and the  p r o t e i n  c r o s s - l i n k i n g  r e q u i r i n g  a t r a n s a mi d a s e  t o  l i n k  
the  l y s i n e  amino a c i d s  and p r o t e i n s  i n  c h i t i n  ( S t e ve ns on ,  1.985) t h a t  
i s  i m p l i c a t e d  i n  Chap t e r  IV.
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